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What Is It? 
Oracle Real Application Testing is the marketing name given to two new features introduced with Oracle Database 11g: 
Database Replay and SQL Performance Analyzer. These features provide a way to accurately simulate a database workload 
to protect from the unpredictable impact of routine database changes. Routine changes like creation of a new index or an 
application upgrade can have unpredictable side effects. The only way to ensure that this change won't have any unintended 
consequences is to test the normal SQL workload on the database after making the changes. Historically, the most difficult 
part of this testing process is to create something that approaches a realistic workload. Database Replay provides the ability to 
capture actual workload and "play" it back on the same or a different environment.  

At the highest levels, using Real Application Testing involves four major steps or phases: 

1. Workload capture: Capture the workload from a running production database as normal processing continues. 

2. Workload preprocessing: Following capture, a processing step is necessary to transform the captured information 
into a format suitable for replay. 

3. Workload replay: Typically on a separate system that has changes implemented, the workload is replayed while 
capturing performance information. 

4. Analysis and reporting: Once the workload is replayed, Oracle provides tools to compare the performance of the 
modified environment with the original baseline environment to determine positive or negative impact. This is 
where the SQL Performance Analyzer shines and shows its usefulness as it compares before and after performance 
of SQL statements. 

Using these four phases, you can guide yourself through the process. In the current release, the manual processes are labor-
intensive, but the Oracle Enterprise Manager makes the process relatively easy. Usability is almost certain to be on the 
enhancement list for future releases.  

In this whitepaper, we'll review the mechanics of using Database Replay and how its use may benefit you as you make 
changes to applications and databases. 

Capture Processes 
Capturing a workload employs a PL/SQL package interface to configure, start, and stop the capture process. The capture can 
be filtered to capture only the actions of some of the database users instead of its default behavior to capture all database 
activity. The capture process operates at a database level, not an instance level, so RAC environments need no special 
configuration.  

Where they run 
Capture processes run on the database server where activity is being captured. These processes are controlled by the PL/SQL 
package interface (DBMS_WORKLOAD_CAPTURE). On UNIX-based systems, you can see the processes running after you 
start capture. The capture process is handled by dedicated server processes, no additional background processes are spawned 
for capture. A directory object is created in the database prior to capture starting and that directory is where the capture files, 
generated by the capture process, will be placed. These are placed on a filesystem directory since putting them in the database 
would create a recursive activity that the capture would also be capturing.  

What they take as input, output 
Starting a capture process takes relatively few arguments. However, there are several inputs to consider. First, let's review the 
list of items that are not able to be captured currently: 

• Direct path loads from external files using tools like SQL*Loader 

• Shared server requests 

• Oracle Streams 

• Advanced Replication streams 
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• Non-PL/SQL-based Advanced Queuing (AQ) 

• Flashback queries 

• Oracle Call Interface (OCI) based object navigations 

• Non SQL-based object access 

• Distributed transactions (any distributed transactions that are captured will be replayed as local transactions) 

• Remote DESCRIBE and COMMIT operations 

These items will not be captured and seeing things like "Flashback queries" on the list reminds us that all SQL query activity, 
not just changes, will be captured and available for replay. The think time in between queries as well as the ordering of events 
will be replayed just as it happened on the production server where it was captured. This provides the most realistic 
representation of workload available. 

Besides the exclusion list above, you can also filter the data that is captured at capture time by creating filters. When defining 
a filter, you enter criteria that will be used by the capture to either include or exclude items matched by the filter(s). Filters 
can be defined on any of the following items: INSTANCE_NUMBER (useful for RAC environments), USER, MODULE, 
ACTION, PROGRAM, or SERVICE. Multiple filters can be defined to either filter for multiple users or for multiple different 
types of criteria. To add a filter, use the DBMS_WORKLOAD_CAPTURE.ADD_FILTER procedure.  

The capture process requires two parameters and three additional parameters are optional. The two required parameters are 
the name (helpful for monitoring and stopping the capture) and the dir (database directory object name) where capture 
output will be written. Additionally, three optional parameters will likely be used frequently. The optional parameters are 
duration, default_action, and auto_unrestrict. Duration is self-explanatory and specified in sections. If not 
specified, capture will continue until the user stops the capture with DBMS_WORKLOAD_CAPTURE.FINISH_CAPTURE. 
The next optional parameter, default_action, determines the default behavior for the capture process and allows values of 
INCLUDE or EXCLUDE. If INCLUDE is specified (which is the default), all activity is captured and the filters are considered 
exclusion filters to remove items from the capture. If EXCLUDE is specified, then only the activity that matches a filter will 
be captured. The last parameter, auto_unrestrict, is a Boolean that when set to TRUE will take instances out of restricted 
mode once the capture is started successfully.   

The output of the capture process is the capture files that reside in the directory given to the 
DBMS_WORKLOAD_CAPTURE.START_CAPTURE procedure as the second argument. These files can be moved to another 
server for processing in the next phase of the database replay process. 

Overhead 
The capture process does introduce some overhead to the database server. Current testing shows that the overhead amounts to 
approximately 4.5%. Compared with the cost of not performing the testing, this is a minor impact and is very similar to the 
overhead introduced by today's monitoring tools.  

Version requirements 
Currently capture is supported on version 10.2.0.4 and higher databases. Capturing a workload on Oracle Database 10g can 
be especially useful when preparing for an upgrade to Oracle Database 11g. While workloads can be captured on Oracle 
Database 10g, they cannot be replayed on Oracle Database 10g.  

Workload Preprocessing 
Once the capture is complete, it must be processed in order to make it ready for playback The processing step is not difficult 
to complete. It only requires a single command. Note that it is this step that makes it clear that there can be only one set of 
capture files in a given capture directory. That is because the only parameter given to the 
DBMS_WORKLOAD_REPLAY.PROCESS_CAPTURE procedure is the capture directory where capture files were directed.  

Note that the preprocessing does not have to be done on the capture source machine. It is typically done on the same server 
where the replay is going to take place so that the replay source machine isn't burdened with the additional overhead of 
preprocessing.  
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Replay Clients 
To replay your processed workload, you must coordinate a few commands, some in the database and one on the operating 
system. When running database capture and replay, AWR automatically collects snapshots at the start and end of the capture 
and replay as well as at its normal regular intervals during the capture and replay. The replay clients are processes that run on 
the operating system, outside the database, to execute the workload that was captured and processed.  

Another important consideration when replaying the workload is to properly configure the test database that will be used to 
execute the replay. The target for the replay should have the same data as the production database did when the capture was 
started. When these are exactly the same, you ensure realistic results. One popular way of preparing the replay target database 
is to restore a production backup and recover it until the proper SCN (obtained from the capture's logfile).  

Where they run 
Following the capture process, no other processing takes place on the capture source machine. The replay clients will usually 
be executed from other machines (not the replay database server) so that the overhead of replaying the workload isn't taxed 
on the database server. That way, the database server can focus on the single task of running the database, providing a 
realistic view of most production environments (where application servers are employed to do non-database application 
tasks).  

To begin a replay session, you first need to execute a few PL/SQL procedures to set up the database for replay. First, run the 
DBMS_WORKLOAD_REPLAY.INITIALIZE_REPLAY to place the database in INIT FOR REPLAY mode. You must supply the 
name of the replay and the replay directory object name (where the preprocessed capture data resides) as arguments to 
INITIALIZE_REPLAY. After that's complete, then prepare the database for replay by running 
DBMS_WORKLOAD_REPLAY.PREPARE_REPLAY (no arguments required).  

Now that the database is prepared, one or more replay clients will need to be started on one or more replay client hosts (you 
can also start the replay client(s) on the database server). The replay client is the binary $ORACLE_HOME/bin/wrc. It 
requires a few parameters to connect to the database and locate the replay directory. It also optionally allows several others 
(see the documentation, section 22.4.2.5 in the Oracle Database Performance Tuning Guide 11g Release 1 (11.1) for more 
information). Once one or more replay clients are connected and running, you can start the replay with 
DBMS_WORKLOAD_REPLAY.START_REPLAY. This will begin the workload replay by distributing instructions to the replay 
clients per the parameters you provide. 

What they take as input, output 
There are several procedures required to start and manage replay in addition to the workload replay client (wrc) utility. Let's 
examine arguments to each of these.  

Procedure or Utility Argument Required or 
Optional Description 

DBMS_WORKLOAD_REPLAY. 
INITIALIZE_REPLAY replay_name Required An arbitrary name for the replay 
DBMS_WORKLOAD_REPLAY. 
INITIALIZE_REPLAY replay_dir Required The database directory object where the capture 

files are located 

DBMS_WORKLOAD_REPLAY.PREPA
RE_REPLAY 

synchronizati
on Optional 

A Boolean parameter indicating if COMMIT 
order is preserved from the capture, default 
TRUE 

DBMS_WORKLOAD_REPLAY.PREPA
RE_REPLAY 

connect_time_
scale Optional 

Scaling factor to determine the time elapsed 
between the capture start and when sessions 
connected to the database, expressed as a 
percentage, default 100 

DBMS_WORKLOAD_REPLAY.PREPA
RE_REPLAY 

think_time_sc
ale Optional 

Scaling factor to determine the time elapsed 
between two successive calls from the same 
session, expressed as a percentage, default 100 

DBMS_WORKLOAD_REPLAY.PREPA
RE_REPLAY 

think_time_au
to_correct Optional 

A Boolean parameter to indicate if replay should 
adjust think time between calls such that the 
elapsed replay time matches elapsed capture 
time, default TRUE 

DBMS_WORKLOAD_REPLAY.REMAP
_CONNECTION connection_id Required A connection id from 

DBA_WORKLOAD_CONNECTION_MAP 

www.odtug.com 3 ODTUG Kaleidoscope 2008 



How A RAT Will Save Your Job Norris, D. 

Procedure or Utility Required or Argument Description Optional 
DBMS_WORKLOAD_REPLAY.REMAP
_CONNECTION 

replay_connec
tion Required The new connection string that should be used 

during replay 
DBMS_WORKLOAD_REPLAY.START
_REPLAY none   

wrc mode Required The replay client mode, one of calibrate, 
replay, or list_hosts 

wrc replaydir Optional The directory containing replay files, default is 
the current directory 

wrc 

process_per_c
pu, 
threads_per_c
pu 

Optional 

process_per_cpu and 
threads_per_process are optional 
parameters (defaults 4 and 50, respectively) that 
may be provided in calibrate mode 

wrc 

userid, 
password, 
server, 
workdir, 
debug, 
connection_ov
erride 

Optional 

These parameters may be provided in replay 
mode. userid and password are self-
explanatory. server is the TNS connection 
string to the replay database. workdir specifies 
a directory path where debug information may 
be written if debug is set to files. debug may be 
set to files, stdout, both, or none (default is 
none). connection_override is a Boolean 
when TRUE ignores remapping and uses the 
value of the server parameter for all connection 
remapping. 

 

The output for the procedures should not include much other than the usual "PL/SQL Procedure executed". The wrc 
command may have some diagnostic output that will be helpful for troubleshooting, but it is not required as input to any other 
downstream process (so no need to capture it). All data about the replay and performance of the replay is captured in the 
database by AWR and other processes.  

Overhead 
Due to the replay architecture, overhead on the database server should be minimized since the replay clients can be run on 
separate servers. When the wrc clients are run on the replay database server, there is some overhead to the database server, so 
that should be a consideration when attempting to perform a realistic comparison.  

It's also important to realize that the wrc executable provides all the necessary infrastructure to perform the replay, so client 
platform. 

Analyzing Replay Results 
Once replay is complete, you will want to compare the replay system results with the results from the capture system. The 
SQL Performance Analyzer, the second feature under the name Real Application Testing, provides an interface to make just 
such a comparison.  

Using the SQL Performance Analyzer, Workload Report, and AWR Compare Period Report, you can quickly see the impact 
of your changes—for better or for worse. When attempting to identify how a single change may impact a particular SQL 
statement, the SQL Performance Analyzer is the best tool. For reviewing overall impact to the whole database, an AWR 
Compare Period Report will likely be the most insightful.  

Employing RAT 
Putting these features to work is made easier by employing Oracle Enterprise Manager (OEM). There are many procedures to 
run and settings to configure that must be done properly and in sequence to achieve usable test results. Navigating the entire 
process is much easier when guided by OEM. In this section, we'll demonstrate an example capture and replay using OEM. 
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Oracle Enteprise Manager Interface 
The OEM interfaces for Database Replay and SQL Performance Analyzer are easy to find under the Software and Support 
tab > Real Application Testing. 

 
Going to the Database Replay link leads you to a page where you can launch the capture, preprocessing and replay 
operations.  

 
Capture screens 
To create a capture, OEM leads you through all the steps. First, you have to agree to all the conditions of the capture. This is 
OEM's way of telling you that it can't check the prerequisites very well and also warn you that in order to get a good capture, 
you'll want to restart the database. You have to acknowledge all three prerequisites before you can continue with the capture. 
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On the next screen in the process, we define the capture options. For my test capture, I am not going to restart the database 
and I'm going to use an inclusion filter to only include one user's actions (DAN) in the capture.  

 
With options defined, we need to name the capture and define where the capture files will be output. Note that the directory 
you choose is a directory object defined in the database. If you need to create a new destination, the Create Directory Object 
will allow you to create one without leaving this wizard.  



How A RAT Will Save Your Job Norris, D. 

 
Now that the capture is defined, we need to start it by defining a job to begin the capture using the next screen in the wizard. 
I'm going to define this to start immediately and run until I stop it. You may find that helpful as well to ensure that you 
capture exactly what you want and then stop the capture.  

 
The final screen in the wizard provides a summary of the capture task and gives you one last chance to make sure 
everything's correct before starting.  
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Once the capture is started, you'll be directed to the workload capture monitoring screen. 

 
At this stage, you should begin the workload that you wish to capture. Once the workload is complete or you've captured as 
much as you need, click the Stop Capture button. Once the capture is stopped, OEM will ask if you want to export AWR data 
as shown here: 

 

www.odtug.com 8 ODTUG Kaleidoscope 2008 



How A RAT Will Save Your Job Norris, D. 

Having the AWR data along with the capture files is convenient, so I choose Yes. A job is submitted to export the AWR data 
which takes a few minutes in my case.  

With the capture complete, we can move on to the preprocessing step. We go back to the Database Replay screen and click 
on the link for task 2, "Preprocess Captured Workload".  

Workload capture processing screens 
In the preprocessing wizard, the first prompt is for the directory object that references the location of the capture files. Once 
you choose a directory object, the wizard locates the capture files, reads them, and presents a summary of the capture. 

 
There are no options to specify for preprocessing, so the next screen summarizes the preprocessing information. 

 
Next, the wizard moves on to scheduling the preprocessing information. 
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I chose to run this preprocessing immediately, but it could be scheduled for a future time (possibly overnight) if you need to 
put it in a maintenance window. The final screen is a summary of all preprocessing settings before submitting the job request. 

 
After submission, you'll see a confirmation with a link to the job status screen.  

 
Clicking on the View Job link shows the job status screen.  
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Once the preprocessing job is complete, you are now ready to replay the workload. Remember that you may need to reset the 
database state or recover it to an earlier point in time. With everything in place, you're ready to navigate to the Database 
Replay screen and choose task 3, "Replay Workload".   

Replay setup screens 
The first screen in the replay wizard prompts for the location of the preprocessed capture files by choosing the correct 
directory object. When a directory object is chosen, the capture summary is shown. 

 
Click the "Set Up Replay" and you'll be prompted again with a list of prerequisites that you must acknowledge several tasks 
that need to be completed to make the replay successful. 
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OEM shows its additional value by offering additional warning as well as opportunity to update references to external 
systems. 

 
After updating the external references, continue to the first step in executing the replay, entering a name for the replay.  
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Following the replay name screen, you can customize the connect descriptor used to connect the replay sessions. In my case, 
I'm keeping the default since I'm using the same database for capture and replay. 

 
After confirming that the connection mapping is correct, the next step is to prepare the replay clients. This screen gives you 
an opportunity to confirm that you're ready to start replay. 

 
Click next and you'll see the screen where replay waits for clients to connect. 
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At this point, you need to go to the OS and start a replay client. I did this by running the following command (shown with the 
output it returns too): 
[oracle@oel5-db11g ~]$ wrc userid=system password=******** replaydir=/tmp/dan-capture 
 
Workload Replay Client: Release 11.1.0.6.0 - Production on Sun May 4 21:17:42 2008 
 
Copyright (c) 1982, 2007, Oracle.  All rights reserved. 
 
 
Wait for the replay to start (21:17:42) 
Once you start the replay client, it connects to the database and the OEM screen shows the connection has been made. 

 
Click next to proceed to the summary screen where you can start the replay. 
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Click Submit and the replay is started. You're directed to the replay status screen to monitor the replay activity.  

 
Once you're done with replay, you can proceed to the result analysis utilities. You'll notice that the Report subtab on the 
screen above will become available once the replay has stopped.  

www.odtug.com 15 ODTUG Kaleidoscope 2008 



How A RAT Will Save Your Job Norris, D. 

 
Replay result analysis screens 
The quickest way to get feedback on the affect of the replay is to review the AWR Compare Period report. This will compare 
an AWR report that covered the capture with an AWR report that covers the replay. You can obtain these AWR reports and 
compare them yourself at any time, but OEM provides all the comparison information in a single, easy-to-read format. To 
obtain the comparison, on the Workload Replay screen, once replay has completed, go to the Report subtab (shown above).  

When you click the Run Report button, a popup window will be launched to display the comparison report (note that you 
may need to disable popup blockers to allow this report to display). 
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Reviewing the contents of this report will likely offer some good insights on whether the changes made between the capture 
and replay resulted in a positive or negative overall effect. One quick way to see the high-level effects is to review the 
comparison of the top wait events: 
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There are many other reporting options such as ASH reports, individual AWR reports, and SQL Performance Analyzer tasks 
 of 

 yield a frustrating round of troubleshooting.  

troduced, they can sometimes 
 to a database clone and replaying the production workload, the 

 
 the workload to 

w 

bvious use for Database Replay is when applying patches or performing upgrades. These activities are well-
ciently 
raded 

r if some additional changes 

 Testing's Database Replay feature is a great new addition that is almost certain to be useful to 
pes. Database Replay's architecture can be scaled to any workload and can be used as an 
ing, patching, application releases, and tuning efforts.  

 
racle Real Application Testing is an option on top of the Oracle Database Enterprise Edition license. So, that means that 
tandard Edition customers are not eligible to use this option. For Oracle Database Enterprise Edition licensees, the Oracle 

Real Application Testing option has a list price of $10,000 per CPU or $200 per Named User Plus. While only half the cost 
of the Real Application Clusters (RAC) option, it is still expensive and will certainly slow the uptake of this new feature. 
However, it seems like a small price to pay for the additional stability and change assurance that Real Application Testing 
provides.  

In the wild: is anyone using it yet? 
There are customers using Real Application Testing for their production needs today. However, there is a common pattern of 
many customers waiting to upgrade to a new release until a first patch set is released. For some, the wait is even longer—
until the Release 2 of the major release is available. So, we haven't yet seen a lot of Oracle Database 11g upgrades yet, 
certainly not enough to gauge the overall deployment success for Real Application Testing.   

Comparison of RAT vs. Traditional Load Testing 
Finally, one must consider the effectiveness of Real Application Testing versus the traditional load testing methods 
employing a synthetic load via the application. Application servers are not always reliable tools to reproduce a workload the 
same way each time and even if they can be programmed to reproduce the same workload in the same way each time, it is 
almost always a synthetic workload that makes no guarantee that it replicates real production workload.  

as well. With so many reporting options, it's the subject of another session to go into detail of each method. Note that some
these methods may require additional licensing. 

Practical uses, save your job 
Most of this document has been about the mechanics of how to use database replay as it is a relatively complex set of tasks 
that are very powerful when executed properly. As replaying a workload also involves many steps, missing part of the 
process can

In this section, we will review some of the most common and useful practical applications for Database Replay.  

Normal application change rollout 
While many discussions about Database Replay focus on the "large tasks," the technology is just as useful for ongoing 
change management. When new application components, like additional reports, need to be in
have negative side effects. By simply adding the new report
effect can be measured and interpreted prior to a potential production issue being created.  

Tuning Efforts 
When performing application tuning, you first need to reproduce the issue. With Database Replay, reproducing the problem
is exactly what you will do, easily and reliably. Once you've cloned the production environment and replayed
reproduce the problem, you can then make the changes necessary to address the performance issue, such as creating a ne
index. New indexes sometimes have negative side effects, so by replaying the entire workload, you'll hopefully see the 
benefit of the new index. Additionally, you should also be able to identify any negative side effects that might have popped 
up as well.  

Upgrade testing 
I think the most o
know  ton  cause unintended side effects and most sites have a lot of difficulties reproducing realistic workloads to suffi
test their applications. Employing Database Replay to capture workload on the previous version, a replay on a test upg
environment will show whether the upgrade will benefit the database without additional effort, o
must be made first.  

With capture available on Oracle Database 10g Release 2, the upgrade to Oracle Database 11g can be much safer than it 
might have been otherwise.  

Conclusion 
Oracle Real Application
environments of all sizes and ty
important part of upgrade plann

Of course, there is always a catch, so before going too much further, let's cover the cost for this great new feature. 

Licensing the option
O
S
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In conclusion, if you're trying to test the application servers' capabilities, the using a load testing tool that exercises the 
application server is appropriate. However, if you wish to test the database to measure the effect of a change to the database, 
the Database Replay is the only way to ensure that you've tested your database's real workload from your real production 
system. Combining Database Replay with flashback database gives you the ability to replay multiple times without having to 
contemplate a lengthy and laborious restore and recovery process between each replay. 
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From the Lawyers 
The information contained herein should be deemed reliable but not guaranteed. The author has made every attempt to 
provide current and accurate information. If you have any comments or suggestions, please contact the author at 
dnorris(at)piocon.com. 

 


