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1 Native Compilation of PL/SQL
Computation-intensive PL/SQL procedures run much faster when they are 
natively compiled. If you have applications that depend on complex 
PL/SQL procedures, native compilation can significantly reduce their 
execution times. The processing times of natively compiled procedures can 
be as low as 60% of their interpreted counterparts.

Native compilation of PL/SQL, once it has been properly configured, is 
transparent to both the user compiling a PL/SQL program unit and to the 
end user invoking that same PL/SQL program unit.

Native compilation is not recommended in all situations. For example, 
when PL/SQL procedures depend on database objects that themselves 
change frequently, the PL/SQL procedures must also be recompiled 
frequently. Because native compilation requires roughly twice as much time 
as interpreted compilation, it could impose an overall performance cost.

Native compilation is also not recommended for applications that use 
PL/SQL primarily as a SQL packaging tool. Because native compilation has 
no effect on processing times for SQL statements called from PL/SQL, it 



cannot yield any benefits in these cases to offset its longer compilation 
times.

This document consolidates information from a number of documents on 
Oracle Technology Network (OTN) and OracleMetaLink. It also corrects 
some errors in current versions of the Oracle9i documentation on this topic. 
An understanding of the PL/SQL language is assumed.

Native compilation of PL/SQL depends on a number of files; but only two 
of them require discussion here: a library called orapls9.lib and a 
makefile. Neither file was included in Oracle9i release 1 (9.0.1); both are 
included in Oracle9i release 1 (9.0.1.4). 

This Addendum contains these topics:

� Overview of Natively Compiled PL/SQL

� Prerequisites for Native Compilation

� Setting Initialization Parameters

� Compiling a PL/SQL Procedure Natively

� Dependencies, Invalidation, and Revalidation

� Real Application Clusters

� Backup Strategy

� PL/SQL Packages

� Debugging Tools

1.1 Overview of Natively Compiled PL/SQL
In versions prior to Oracle9i, all PL/SQL stored program units are compiled 
to M code. The resulting M code is stored in the database and interpreted at 
runtime. While this results in a very portable solution, it has some 
performance consequences. Interpreted languages are usually slower than 
natively compiled languages.

As a performance enhancement, Oracle9i provides the capability to natively 
compile PL/SQL code into shared libraries. Oracle9i first generates C code 
corresponding to the PL/SQL code and then compiles and links the 
resulting C code into shared libraries using a C compiler and a linker. These 
shared libraries are then loaded and executed whenever the corresponding 
PL/SQL program unit is invoked at runtime.

The C compiler, linker, make utility, and some support files required for 
native compilation are not part of Oracle9i. You will need to acquire the 
following additional software:

� Microsoft Visual Studio 6.0 (Visual C++ compiler and linker)
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� gnumake.exe (GNU Make) from http://www.gnu.org

� MKS NT Toolkit (support files rm.exe, mv.exe, and sh.exe)

All files must be installed in a secure location on the same host for native 
compilation to work. You should also ensure that they are owned by the 
ORACLE owner (or a correspondingly trusted system user) and that only 
this user has write access to them.

To avoid a security risk, the Oracle executable must run as LocalSystem, 
where it will see only environment variables defined at the System level. 
See the following section for detailed instructions on setting environment 
variables.

1.2 Prerequisites for Native Compilation
Perform the following tasks:

1. Install Oracle9i release 1 (9.0.1.4), which contains all Oracle files 
necessary for PL/SQL native compilation.

2. For each database that will use natively compiled PL/SQL procedures, 
create the following new directory:

Oracle_Base\oradata\db_name\plsql_native_library

where db_name is the database name. It will be used to store the 
dynamic-link libraries (DLLs) generated during native compilation. It is 
not created in the Oracle installation process.

Each database with natively compiled PL/SQL procedures requires its 
own native-compilation DLL directory. You can choose whatever name 
and location you wish for this directory, but Oracle Corporation 
recommends an OFA-compliant directory structure.

3. Create sub-directories in \plsql_native_library, if necessary.

When using the PL/SQL native compiler, file create and file open 
operations are unacceptably slow if the number of files in a directory is 
very large. If the total number of different PL/SQL packages that may 
need to be compiled natively by all users of the database instance 
exceeds 15,000, you can improve performance by creating 

Note: You must not move any of the files installed by 
Oracle9i release 1 (9.0.1.4). You need only make one edit to 
spnc_makefile.mk and specify its explicit path in an 
initialization parameter. See step 13 and "Setting 
Initialization Parameters" on page 5.
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subdirectories. They must be named dn, where n starts at zero and 
increments by one for each new subdirectory. If you create ten 
subdirectories, for example, name them d0, d1, d2,...d9.

4. Ensure that Microsoft Visual Studio 6.0 is installed in accordance with 
Microsoft documentation.

5. Ensure that MKS Toolkit is installed in accordance with MKS 
documentation. You will need the directory paths for rm.exe, mv.exe, 
and sh.exe in a following step.

6. Install gnumake.exe (GNU Make). The installed location does not 
matter, but it must be included in your edit of the PATH variable in the 
following step.

7. Add the locations of rm.exe, mv.exe, sh.exe, and gnumake.exe to 
your system variable PATH.

In Windows 2000 and Windows XP:

a. Choose Start > Settings > Control Panel.

The Control Panel window appears.

b. Double-click the System icon.

The System Properties window appears.

c. Click the Advanced tab.

The system variables appear.

d. Click Environment Variables...

e. Select Path in the System Variables pane and click Edit...

f. Edit the value of PATH in the Variable Value field.

g. Click OK.

In Windows NT:

a. Choose Start > Settings > Control Panel.

The Control Panel window appears.

b. Double-click the System icon.

The System Properties window appears.

c. Click the Environment tab.

The system variables appear.

d. Edit the value of PATH in the Value field and click Set.

e. Click OK.
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8. Find vcvars32.bat (It will be in the same directory as cl.exe) and 
open it in any text editor.

9. Find the directory path settings for include and lib.

10. Verify that include is set to its location in your system. This is only an 
example:

C:\>set include
include=C:\Program Files\Microsoft Visual Studio\VC98\atl\include;
C:\Program Files\Microsoft Visual Studio\VC98\mfc\include;
C:\Program Files\Microsoft Visual Studio\VC98\include

If it is not correct, use the Control Panel to change it.

11. Verify that lib is set to its location in your system. This is only an 
example:

C:\>set lib
lib=C:\Program Files\Microsoft Visual Studio\VC98\mfc\lib;
C:\Program Files\Microsoft Visual Studio\VC98\lib

If it is not correct, use the Control Panel to change it.

12. Verify that MSDevDir is set correctly:

C:\>set MSDEV
MSDevDir=C:\Program Files\Microsoft Visual Studio\Common\MSDev98

If it is not correct, use the Control Panel to change it.

13. Open spnc_makefile.mk in a text editor and change the Visual C++ 
include and lib paths to the values you discovered in step 9. This is 
only an example:

VCINCLUDE=C:/Progra~1/Micros~1/VC98/include
VCLIB=C:/Progra~1/Micros~1/VC98/lib

1.3 Setting Initialization Parameters
This section contains instructions for setting initialization parameters 
required by PL/SQL native compilation. The instructions assume you are 
using a server parameter file (spfile). If you are instead using a pfile, 

Note: include must be lower case.

Note: lib must be lower case.
 5



you must set these parameters by editing your init.ora initialization 
parameter file.

You must use ALTER SYSTEM to set:

� PLSQL_NATIVE_LIBRARY_DIR

� PLSQL_NATIVE_LIBRARY_SUBDIR_COUNT

� PLSQL_NATIVE_MAKE_FILE_NAME

� PLSQL_NATIVE_MAKE_UTILITY

You can use either ALTER SYSTEM or ALTER SESSION to set:

� PLSQL_COMPILER_FLAGS

Initialization parameters PLSQL_NATIVE_C_COMPILER and PLSQL_
NATIVE_LINKER must never be set. All compiler and linker information 
necessary for native compilation is in the supplied makefile. If these 
parameters have been set, you cannot delete them by setting them to null 
values with ALTER SYSTEM. You must instead open your initialization 
parameter file (pfile) in a text editor and manually delete them. If you are 
using a server parameter file (spfile), you must re-create it from your 
edited pfile using the CREATE SPFILE command.

1. Start SQL*Plus at the command prompt:

C:\> sqlplus /NOLOG

2. Connect to the Oracle9i database as SYSDBA:

SQL> CONNECT / AS SYSDBA

3. Set the PLSQL_NATIVE_LIBRARY_DIR initialization parameter.

This parameter specifies the name of the directory where shared objects 
produced by the native compiler are stored:

SQL> ALTER SYSTEM SET PLSQL_NATIVE_LIBRARY_DIR = 
’Oracle_Base\oradata\db_name\plsql_native_library’;

This directory needs the same security as the database files with which 
it is associated. That is, whoever owns the database files also owns this 
directory; and whatever privileges database users have, they have also 
for this directory.

See Also: Oracle9i Database Reference, chapter 1 
"Initialization Parameters" for information about 
initialization parameters, initialization parameter files, and 
the rules for using ALTER SYSTEM and ALTER SESSION 
commands.
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4. If you created subdirectories in step 3 of "Prerequisites for Native 
Compilation", set the PLSQL_NATIVE_LIBRARY_SUBDIR_COUNT 
initialization parameter.

This parameter specifies the number of subdirectories in the directory 
specified by PLSQL_NATIVE_LIBRARY_DIR. In this example, the 
parameter is set to the default value 0. This means all shared libraries 
are by default stored directly in PLSQL_NATIVE_LIBRARY_DIR.

SQL> ALTER SYSTEM SET PLSQL_NATIVE_LIBRARY_SUBDIR_COUNT = 0;

5. Set the PLSQL_NATIVE_MAKE_UTILITY initialization parameter.

This parameter specifies the make utility needed to generate the DLL 
from the generated C code. You specified its location when you set the 
PATH variable.

SQL> ALTER SYSTEM SET PLSQL_NATIVE_MAKE_UTILITY = ’gnumake.exe’

6. Set the PLSQL_NATIVE_MAKE_FILE_NAME initialization parameter.

This parameter specifies the full path name of the makefile. You must 
discover the location of this file after installing Oracle9i release 1 
(9.0.1.4). The following specification is only illustrative:

SQL> ALTER SYSTEM SET PLSQL_NATIVE_MAKE_FILE_NAME =
’C:\Oracle\Ora90\plsql\native\spnc_makefile.mk’;

The make utility specified by PLSQL_NATIVE_MAKE_UTILITY uses 
this makefile to generate the DLL.

7. Set the PLSQL_COMPILER_FLAGS initialization parameter.

This parameter specifies how PL/SQL packages will be compiled and 
whether debugging will be on or off. The default value of this 
parameter is INTERPRETED, so it must be changed to NATIVE for 
native compilation. How this parameter is set and by whom depends 
on the situation.

8. A database administrator setting up a test of native compilation in a 
development environment, for example, might reasonably start with 
interpreted compilation and debugging on:

SQL> ALTER SYSTEM SET PLSQL_COMPILER_FLAGS = ’INTERPRETED, DEBUG’;

Note: You must create the \plsql_native_library 
directory. It is not created by the Oracle installation process. 
See "Prerequisites for Native Compilation" on page 3.
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Developers might then use ALTER SESSION to test native compilation 
on various PL/SQL procedures:

SQL> ALTER SESSION SET PLSQL_COMPILER_FLAGS = ’NATIVE, NON_DEBUG’;

9. If native compilation testing advances to the whole-application stage, 
the database administrator might switch the development database 
system setting to native compilation with debugging off:

SQL> ALTER SYSTEM SET PLSQL_COMPILER_FLAGS = ’NATIVE, NON_DEBUG’;

Developers might then debug problem code by using ALTER SESSION 
to set compilation temporarily to interpreted (as required to turn 
debugging on):

SQL> ALTER SESSION SET PLSQL_COMPILER_FLAGS = ’INTERPRETED, DEBUG’;

10. If native compilation is judged ready for the production environment, 
the database administrator would first back up the existing production 
database and then modify it using "Script to upgrade an existing 
Oracle9i Database to all NATIVE" available at:

http://otn.oracle.com/tech/pl_sql/content.html

1.4 Compiling a PL/SQL Procedure Natively
You can use any of the following methods to natively compile one or more 
procedures:

� Use ALTER PROCEDURE to recompile a procedure or ALTER PACKAGE 
to recompile an entire package.

� Drop the procedure and create it again.

� Use CREATE OR REPLACE to recompile the procedure.

� Run one of the SQL*Plus scripts that sets up a set of Oracle-supplied 
packages.

� Create a database using a preconfigured initialization file with PLSQL_
COMPILER_FLAGS set to NATIVE. During database creation, the 
UTLIRP script is run to compile all the Oracle-supplied packages.

You can ensure that a procedure is natively compiled by querying the data 
dictionary views USER_STORED_SETTINGS, DBA_STORED_SETTINGS, 

Note: Oracle9i release 1 (9.0.1.4) does not support 
debugging in native compilation mode.
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and ALL_STORED_SETTINGS. For example, to check the status of the 
procedure MY_PROC, enter: 

SELECT param_value FROM user_stored_settings WHERE
param_name = 'PLSQL_COMPILER_FLAGS'
and object_name = 'MY_PROC';

The PARAM_VALUE column has a value of NATIVE for procedures that are 
natively compiled, and INTERPRETED for interpreted compilation. After 
the procedures are compiled and turned into shared libraries, they are 
automatically linked into the Oracle process.

You do not need to restart the database or move the shared libraries to a 
different location. You can call back and forth between stored procedures, 
whether they are all compiled in the default way (interpreted), all natively 
compiled, or a mixture of both.

The PLSQL_COMPILER_FLAGS setting is stored as metadata associated 
with each procedure. For this reason, natively compiled procedures are 
compiled the same way when the procedure is automatically recompiled 
after being invalidated, such as when a table that it depends on is recreated.

1.5 Dependencies, Invalidation, and Revalidation
Dependencies between database objects are handled in the same manner as 
in previous Oracle versions. If an object changes, and some natively 
compiled PL/SQL program unit depends on it, the PL/SQL module is 
invalidated.

The next time the invalidated PL/SQL program unit is executed, Oracle 
tries to revalidate (recompile) the module using whatever setting was in 
force the last time it was explicitly compiled. This setting appears in the 
USER_STORED_SETTINGS, ALL_STORED_SETTINGS, or DBA_STORED_
SETTINGS data dictionary view.

Natively-compiled PL/SQL program units are also dependent on their 
DLLs. Because these DLLs are stored on a file system rather than in a 
database, Oracle is unable to track such dependencies. If a DLL is moved or 
deleted using operating system commands, attempts to execute the 
associated PL/SQL program units will result in error.

Note: The stored settings are used only when recompiling 
as part of revalidation. Any time a PL/SQL module is 
explicitly compiled using the CREATE OR REPLACE or 
ALTER...COMPILE commands, Oracle uses the current 
setting for the session.
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Because the loss of the library is undetectable to Oracle until the error, the 
program unit is not marked INVALID, and Oracle will not automatically try 
to revalidate it. To re-create the missing library, you must explicitly 
recompile it or re-create it from source.

1.6 Real Application Clusters
Native compilation will not work in a Real Application Clusters setup 
unless it also has a cluster file system. That is, if the Real Application 
Clusters setup does not have a common shared file system where the DLLs 
can be stored, then native compilation will be broken.

1.7 Backup Strategy
The DLLs created by PL/SQL native compilation are not stored in the 
database, but are instead stored on a file system. Therefore, the DLLs need 
to be backed up in a separate step. When the database is restored from a 
backup, the DLLs should also be restored so that the restored DLLs will 
have identical pathnames as before.

1.8 PL/SQL Packages
PL/SQL lets you bundle logically related types, variables, cursors, and 
subprograms into a package. Packages usually have two parts: a 
specification and a body. The specification is the interface to your 
applications; it declares the types, constants, variables, exceptions, cursors, 
and subprograms available for use. The body defines cursors and 
subprograms and so implements the specification.

If a package specification is natively compiled, the corresponding body 
must be compiled using the same setting.

Note: Oracle9i release 1 (9.0.1.4) does not support cluster 
file systems.

See Also: "Oracle Real Application Clusters Cluster File 
System Release Notes Release 2 (9.2.0.1.0)" for more 
information about cluster file systems on Windows NT and 
Windows 2000. Search for Part No. B10110 at 
http://otn.oracle.com/docs/products/oracle9i
/content.html.
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1.9 Debugging Tools
Debugging tools for PL/SQL do not handle natively compiled procedures.

2 Documentation Accessibility
Our goal is to make Oracle products, services, and supporting 
documentation accessible, with good usability, to the disabled community. 
To that end, our documentation includes features that make information 
available to users of assistive technology. This documentation is available in 
HTML format, and contains markup to facilitate access by the disabled 
community. Standards will continue to evolve over time, and Oracle 
Corporation is actively engaged with other market-leading technology 
vendors to address technical obstacles so that our documentation can be 
accessible to all of our customers. For additional information, visit the 
Oracle Accessibility Program Web site at 
http://www.oracle.com/accessibility/.

Accessibility of Code Examples in Documentation JAWS, a Windows screen 
reader, may not always correctly read the code examples in this document. 
The conventions for writing code require that closing braces should appear 
on an otherwise empty line; however, JAWS may not always read a line of 
text that consists solely of a bracket or brace.

Accessibility of Links to External Web Sites in Documentation This 
documentation may contain links to Web sites of other companies or 
organizations that Oracle Corporation does not own or control. Oracle 
Corporation neither evaluates nor makes any representations regarding the 
accessibility of these Web sites. 
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