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REAL APPLICATION TESTING

KEY FEATURES AND
BENEFITS

Real Application Testing, a
new database option of the
Oracle 11g Enterprise Edition,
reduces the task of assessing
the impact of system changes
for even complex production
environment from months to
days

Database Replay, a feature of
Real Application Testing is the
only technology in the market
that makes it possible to
capture actual production
workload including timing,
concurrency and dependency
information with negligible
performance overhead and
with minimal time and effort

Database Replay allows
captured workload to be
replayed on a test system to
assess the impact of change

SQL Performance Analyzer, a
feature of Real Application
Testing, allows fine-grain
impact analysis of database
environment change on SQL
execution plan changes and
performance

Existing self-managing
database infrastructure
leveraged to analyze and fix
regressions caused by
changes to provide a
comprehensive solution
Enhances system
performance, reliability, and
quality of service by
accurately validating change
before production deployment

All businesses must deal with IT infrastructure changes. Even though
these changes are designed to have a positive impact on the
infrastructure, they can, in many instances, lead to unexpected and
undesirable behavior. As a result, businesses spend significant
amount of time and effort evaluating system changes in test
environments to assess their full impact before introducing them in
their production systems. However, despite extensive and often
expensive testing, many problems are only detected on production
deployment resulting in businesses not meeting SLAs, unplanned
downtime, and loss of revenue. Oracle Real Application Testing
offers extremely cost-effective and easy-to-use solution that enables
you to fully assess outcome of a change in a test environment, take
any corrective action if necessary, and then to introduce the change
safely to production systems, minimizing undesirable impact on
them. This allows businesses to continue to benefit from changes but
without any associated negative impacts such as performance
degradation, outages, etc. Real Application Testing offers two key
unique features, Database Replay and SOL Performance Analyzer,
that together provide a comprehensive and flexible solution for

assessing impact of changes to production system.

Real Application Testing

System changes such as hardware/software upgrades, patch application, etc. are
essential for businesses to maintain competitive edge or for compliance/security
purposes. As a result, businesses conduct extensive testing and validation to assess
the impact of a change before going live. Despite such testing using various
simulation tools, many issues often go undetected until production deployment and
negatively impact system performance and availability. The main reason for low
success rate of testing is the inability of existing tools to test using real production
workloads. Similarly, changes in query execution environment can often impact
system performance and availability, therefore, the ability to do fine-grain SQL

response time assessment and fix any regression due to the change are important to
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the smooth functioning of any business.

Oracle Real Application Testing option includes two solutions to test the effect of
system changes on real-world applications, Database Replay and SQL Performance
Analyzer. Database Replay enables you to effectively test system changes in test
environments by replaying a full production workload on the test system to help
determine the overall impact of the change. The SQL Performance Analyzer enables
you to assess the impact of system changes on SQL performance by identifying any
variation in SQL executions plans and performance statistics resulting from the

change.

Database Replay

Database Replay enables realistic testing of system changes by essentially recreating
production environment on a test system. It does this by capturing a workload on
the production system with negligible performance overhead and replaying it on a
test system with the exact timing, concurrency, and transaction characteristics of the
original workload. This makes possible complete assessment of the impact of the
change including undesired results; new contentions points or performance
regressions. Extensive analysis and reporting is provided to help identify any
potential problems, such as new errors encountered and performance divergences.
The ability to accurately capture the production workload results in significant cost
and timesavings since it completely eliminates the need to develop simulation
workloads or scripts. As a result, realistic testing of even complex applications
using load simulation tools/scripts that previously took several months now can be
accomplished at most in a few days with Database Replay and with minimal effort.
Thus using Database Replay, businesses can incur much lower costs and yet have a
high degree of confidence in the overall success of the system change and

significantly reduce production deployment.

Database Replay workload capture of external clients is performed at the database
server level. Therefore, Database Replay can be used to assess the impact of any
system changes below the database tier level such as below:

e Database upgrades, patches, parameter, schema changes, etc.

o Configuration changes such as conversion from a single instance to RAC,
ASM, etc.

e Storage, network, interconnect changes

e Operating system, hardware migrations, patches, upgrades, parameter
changes
System changes above the database server level such as at the middle-tier, client,
and application layers are not supported with Database Replay. Figure 1 illustrates
Database Replay overview. As shown in this figure, the replay driver that drives the
replay clients is client agnostic and therefore eliminates the need to setup extensive
middle tier/client environment to replay the workload. This results in significant

savings in time and effort for the businesses.
The Database Replay process can be broken down to 4 main steps:

i. Workload Capture
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When workload capture is enabled, all external client requests directed to the Oracle
Database are tracked and stored in binary files, called capture files, on the file
system. These files contain all relevant information about the call needed for replay
such as SQL text, bind values, wall clock time, SCN, etc.
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Figure 1: Database Replay Overview

The workload capture start and end time is specified by the user and during this time
all information pertaining to external database calls is written to the capture files.
The workload capture process has been highly optimized to make sure it incurs
negligible overhead even on a busy system. The workload that has been captured on
Oracle Database release 10.2.0.4 and higher can also be replayed on Oracle
Database 11g release.

Database Instance: prod.tcsrat01-d1.oracleads.com > Database Replay > View Workload Gapture History > Loaged in A5 575
view workload Capture: CAPTURE-prod.tdsrat01-d1.oracleads .com-20070525173558
(9]
W Summary
Name CAPTURE-prod.tdsrat01-d1.oracleads.com- Captured Data Sze (MB) 68.25
20070525173558 Curation thhmm:ss)  00:10:07
Status Completed Start Tme  May 25, 2007 5:38:09 PM PDT
Directory Object gp_TesTap (D End Tme May 25, 2007 5:48:16 PM PDT
Database Name  PROD Start SCM 11064132
Capture Database version 11.1.0.5.0 End SCN - 11069522
DEID 35255802 Preprocessed Database Verson  N/A

Capture Eror Code None
Capturs Error Message None

workload Profile | ¥Workload Filters

((iew Workioad Capture Report )
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Active Sessions.
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Comparison
Total Capture Percentage of Total

Database Time (hh:mm:ss) 00:18:02  00:16:14 G -0 .02

Average Active Sessions 1.78 1.60 I CO 02
User Galls 234,471 231,907 I <5 51

Transactions 1,922 1,750 S C2.51

Connects 42 25 I .52
Application Errors NfA 1 Nfa

Figure 2: Workload Capture Summary

ii. Workload Processing

Once the workload has been captured, the information in the capture files has to be
processed preferably on the test system. This processing transforms the captured
data and creates all necessary metadata needed for replaying the workload.
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iii. Workload Replay

Once captured workload has been processed, it is now ready for replay on the test
system. The test system has the system change applied and database restored to the
point in time before the capture started using Oracle Database 11g Snapshot Standby
or other equivalent mechanism. The replay can be configured appropriately to re-
map connection strings, database links, and directory objects to that of the test
system. Once replay is initiated, a special client program called the “replay client”
replays the workload from the processed files. It submits calls to the database with
the exact same timing and concurrency as in the capture system and puts the exact
same load on the system as seen in the production environment. This allows the
identification of any instability caused by the change and their subsequent
remediation in test environment before the introduction of the change in production.

The replay driver besides being client-agnostic also uses a scaleable multi-threaded
architecture, including using multiple host machines if necessary to drive large
workload captures. There are various options that are available to control the
behavior of the replay such as to scale up or down the think and login times, and
maintain commit synchronization. These options can be used for load/stress testing
the system. The replay drivers also can automatically re-map physical locators and
preserve sequence numbers or GUIDS during replay.
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Figure 3: Workload Replay Summary

iv. Analysis and Reporting
Extensive reports are provided to enable detailed analysis of the capture and replay.
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Figure 4: Types of Performance Reports Provided
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Any errors encountered or divergences in data returned are reported. Basic
performance comparison between capture and replay is provided, and for advanced
analysis, AWR, ASH, and Compare Period reports are available.

SQL Performance Analyzer

Changes that affect SQL execution plans can severely impact system performance
and availability. As a result, DBAs spend an enormous time in identifying and fixing
SQL statements that have regressed due to the system change. SQL Performance
Analyzer feature provides functionality similar to Database Replay, but is focused
on predicting and preventing performance problems for any environment change
that affects the SQL execution performance. SQL Performance Analyzer provides
fine-grain assessment of environment change on SQL execution plan and statistics
by running the SQL statements serially in before-change and after-change
environments. A report that comprises of the net benefit on the workload due to the
system change and regressed SQL statements is provided. For regressed SQL
statements, appropriate executions plan details along with recommendations to tune
them are provided. SQL Performance Analyze functionality is well integrated with
existing SQL Tuning Set (STS) and SQL Tuning Advisor functionality. As a result,
SQL Performance Analyzer completely automates and simplifies the manual and
time consuming process of assessing the impact of change on extremely large SQL
workloads (thousands of SQL statements). Thus, using SQL Performance Analyzer
businesses can validate that a system change to production environment in fact
results in net positive improvement at a significantly lower cost and with a high

degree of confidence.

Examples of common system changes for which you can use the SQL Performance

Analyzer include:
« Database upgrade, patches, initialization parameter changes
« Configuration changes to the operating system, hardware, or database

» Schema changes such as adding new indexes, partitioning or materialized
views

« Gathering optimizer statistics

» SQL tuning actions, for example, creating SQL profiles

The usage model for SQL Performance Analyzer consists of 5 main steps:

« Capture the SQL workload. Oracle Database enables you to capture a SQL
workload with negligible performance overhead from several sources into a
SQL tuning set (STS) such as cursor cache or Automatic Workload Repository
(AWR). Typically, you would capture the SQL workload on a production
database and then transport the STS to a test database where the change impact
analysis using SQL Performance Analyzer will take place.

» Measure the performance of the workload before a change by executing the
SQL tuning set.

» Make a change such as a database upgrade or optimizer statistics refresh

» Measure the performance of the workload after the change by executing the
SQL tuning set again.
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» Compare performance of the two executions of the SQL tuning set to identify,
which SQL statements regressed, improved, or were unchanged.

The SQL workload can also be captured incrementally into STS over a period of
time. Additionally, STS’s rich filtering and ranking criteria can be used to filter
out undesirable SQL. The SQL workload that has been captured into an STS on
Oracle Database releases 10.2.0.1 and higher can used with the SQL Performance
Analyzer in Oracle Database 11g. The SQL Tuning Set stores all the information
about the workload (such as SQL text, parsing schema, execution plans, statistics,
etc.) that is necessary to re-execute the statements in a standalone environment.
The seamless integration of SQL Performance Analyzer functionality with STS
results in elimination of the time-consuming process of application environment

setup to assess the impact of system change.

ORACLE Enterprise Manager 11g Setup Preferences Help Lonout
Datahase Control Database |
Database Instance: orcl > Advisor Central > SQL Performance Analyzer > SOL Performance Analyzer Task: SYSTEM.OBE1 Logged in As S5
SQL Performance Analyzer Task Result: SYSTEM.OBE1L
Task Name OBE1 SOL Tuning Set Mame  HR WORKLOAD Replay Trial 1 before
Task Owner  SYSTEM STS Owner  APPS Replay Trial 2 after_change
Task Description Total SQL Statements 50 Comparison Metric ;):;ute Blapsed
SOL Statements With Errors 0
Global Statistics
Projected Workload Execute Elapsed Time S0L Statement Count Recommendations
3 Run SQL Tuning Advisor 1o fune
H 80 50 regressed SQL statements.
F 60 z | Schedule SOL Tuning Achisor
H 325
o 40 S
a
5 20
M Improved Fegressed Unchanged
'é hefore after_change Change in Execute Elapsed Time
E Replay Trial M Plan Changed [ Plan Unchanged

Impravement Irmpact 82%
Regression Impact -5% &

Overall Impact 24% {+
p-Advanced

Figure 5: SQL Performance Analyzer Report

The SQL Performance Analyzer report summarizes the change impact on entire
workload as well as the net impact on individual SQL statements. The execution
frequency of SQL is used in weighting the workload in assessing the net impact.
Additionally, improvements, regressions, and SQL with unchanged performance are
listed in the report. If there are any regressed SQL statements after the system
change, recommendations on how to correct the regressions is also provided with
the SQL Tuning Advisor and SQL Plan Baselines features of Oracle Database 11g.
Further, the execution plans generated on the test system with system change
implemented can be used to seed the SQL Plan Baseline repository to make sure
only previously validated execution plans are picked by the optimizer. Any new
plans generated by the optimizer after seeding through the SQL Plan Baseline
feature can be validated automatically by the database by test-executing them or
manually by the DBAs.
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RELATED PRODUCTS
AND SERVICES:
Oracle Real Application
Testing Option delivers
maximum benefits when
used with the following
Oracle Database 11g
management products:

RELATED SERVICES

* Oracle Diagnostics Pack

¢ Oracle Tuning Pack
Oracle Configuration Pack

e Oracle Change
Management Pack

* Oracle Provisioning Pack
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Figure 6 shows an example of regressed SQL on a system change with associated

before and after execution plans, statistics, and recommendation.

—
Database Instance: orcl > Advisor Lentral > SUL Performance Analyzer > SUL e Analyzer |ask Kesult: SYSIEM.UBEL >
Regressed Dlan Changed SQL Statements >
SQL Performance Analyzer Task Result: SYSTCM.OBLC 1

|ack Name  UBEL SOL 1UnINg Set Name  HE WORKLOAD Keplay Ir@l 1 before

Task Owrer SYSTEM STS Owner  APPS Replay Trial 2 after_change

Tack Dascription

Loggad in As SvS

Total SQL Statsments 50
S0L Statements with Errars L

Comparison Moric ECCte Elapscd

SOL Details: 2wigxbizGu2by
rarsng schema  APES Execution Freguency 1 (Schedule SGL Tuning Advisar

B-SQL Text

Single Cxecution Statistics

Cuecution Gtatistic Collected %% of Workload

Execution Statistic Name. Net Impact on Workload (%) before  after_change  Net Impact on SQL (%) before after_change
& Elapsed Tine -+.780 2.018 +.857 -141180 3390 s1.z10
& parse Time -847.620 0.005 o.1sL -2,720.000 23.810 as.580
& exerute Elapsed 11ime 4550 2013 4420 Slaa.0 EE S0.6U0
& Execute CPU Time -4.550 2.013 4.723 -134.620 3330 s0.610
& Putter Gats -SRAAN 21A,4A1.0M 1,1n2,54A.000 -anason sAsn 7n.a7n
1 Ontimizer st 15340 in4nanm 7An.nmn 92,700 1A.550 1410
4 Disk Reads -47.250 o.000 312000 -21,200.000  0.000 21260
= Diract Writas 0.000 0.000 o0.000 0000 0.000 0.000
> Rows Pracessed 0.000 125.000 135,000 0000 o.000 0.000

Prohiem Fi s
Ihe performance of this SUL has regressed.
Symptom Findings
The structire of the SQL execution plan has changod,
BIntarmatinn Findings
Plan Camparisnn
before after_change
Plan | lash Value 1511702424 Plan (lash value 1517011406

Expand all | Collapse Al Expand Al | collapse Al
Tine Vine
loperation D object operation 1D object

W SELECT S1A1EMEN] u W SELECT S1A1EMEN]
V HasH 1 V HasH 1
¥ HCSTED LoOrS 2 ¥ NCSTCD LOOMS 2

Figure 6: SQL Performance Analyzer Report: Regressed SQL Drill Down

SQL Performance Analyzer helps identify changes in performance of SQL
statements for the entire system, resulting from routine administrative activities like
optimizer statistics refresh and database upgrades.

Conclusion

Real Application Testing option provides compelling and easy-to-use solution for
evaluating system changes to production systems. Database Replay and SQL
Performance Analyzer features of Real Application Testing provide comprehensive
and flexible solution for reducing production deployment risk and lowering business
costs that that is unmatched by any other product in the market. Real Application
Testing adds significant business value by helping DBAs evaluate the changes with
high degree of confidence and take corrective actions before business users are

negatively impacted by the change.
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