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Preface

Audience

This document describes the features of Oracle Database for Windows software installed on
Windows 2003, Windows 2000, and Windows XP Professional operating systems.

This guide describes Oracle Database Extensions for .NET, which provides a Common
Language Runtime (CLR) host for Oracle Database and data access through Oracle Data
Provider for .NET (ODP.NET) classes.

This preface contains these topics:
* Audience

*  Documentation Accessibility

* Related Documents

e Passwords in Code Examples

 Conventions

Oracle Database Extensions for .NET Developer's Guide is intended for programmers who
are developing applications to access an Oracle Database using Oracle Database
Extensions for .NET. This documentation is also valuable to systems analysts, project
managers, and others interested in the development of database applications.

To use this document, you must be familiar with Microsoft .NET Framework classes and
ADO.NET and have a working knowledge of application programming using Microsoft C#,
Visual Basic, or another .NET language.

Users should also be familiar with the use of Structured Query Language (SQL) to access
information in relational database systems.

Documentation Accessibility

For information about Oracle's commitment to accessibility, visit the Oracle Accessibility
Program website at http://www.oracle.com/pls/topic/lookup?ctx=acc&id=docacc.

Access to Oracle Support

Oracle customers that have purchased support have access to electronic support through My
Oracle Support. For information, visit http://www.oracle.com/pls/topic/lookup?ctx=acc&id=info
or visit http://www.oracle.com/pls/topic/lookup?ctx=acc&id=trs if you are hearing impaired.

Related Documents

ORACLE

For more information, see these Oracle resources:
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*  Oracle Developer Tools for Visual Studio Help

*  Oracle Data Provider for .NET Developer's Guide for Microsoft Windows
*  Oracle Database PL/SQL Packages and Types Reference

e Oracle Database SQL Language Reference

* Oracle Database Installation Guide for Microsoft Windows

*  Oracle Database Release Notes for Microsoft Windows

*  Oracle Database Platform Guide for Microsoft Windows

»  Oracle Database New Features Guide

» Oracle Database Net Services Reference

Many of the examples in this book use the sample schemas, which are installed by
default when you select the Basic Installation option with an Oracle Database
installation. Refer to Oracle Database Sample Schemas for information on how these
schemas were created and how you can use them yourself.

To download free release notes, installation documentation, white papers, or other
collateral, please visit the Oracle Technology Network (OTN). You must register online
before using OTN; registration is free and can be done at

http://ww. oracl e. con t echnet wor k/ i ndex. ht m

If you already have a username and password for OTN, then you can go directly to the
documentation section of the OTN Web site at

http://ww. oracl e. com t echnet wor k/ docunent ati on/ i ndex. ht n

Passwords in Code Examples

For simplicity in demonstrating this product, code examples do not perform the
password management techniques that a deployed system normally uses. In a
production environment, follow the Oracle Database password management
guidelines, and disable any sample accounts. See Oracle Database Security Guide for
password management guidelines and other security recommendations.

Conventions

The following text conventions are used in this document:

Convention Meaning

boldface Boldface type indicates graphical user interface elements associated
with an action, or terms defined in text or the glossary.

italic Italic type indicates book titles, emphasis, or placeholder variables for
which you supply particular values.

nonospace Monospace type indicates commands within a paragraph, URLs, code
in examples, text that appears on the screen, or text that you enter.
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Changes In Releases for Oracle Database
Extensions for .NET Developer's Guide

This preface contains:

e Changes in Oracle Database 21c Release 3 (21.3)
e Changes in Oracle Database 12c Release 2 (12.2)
e Changes in Oracle Database 12c Release 1 (12.1)

Changes in Oracle Database 21c Release 3 (21.3)

The following are changes in Oracle Database Extensions for .NET Developer's Guide for
Oracle Database 21c Release 3 (21.3).

Deprecation of Oracle Database Extensions for NET

Oracle Database Extensions for .NET is deprecated in Oracle Database 21c. Oracle
recommends that you either place .NET code in the middle tier, or use the External
Procedures feature, or rewrite the code using PL/SQL or Java.

Oracle Database Extensions for .NET is a feature of Oracle Database on Microsoft Windows
that enables you to use stored procedures and functions written in a language managed
by .NET, such as C#.

Oracle Database hosts the Microsoft Common Language Runtime (CLR) in an external
process, outside of the Oracle Database process. Application developers can write stored
procedures and functions using any .NET compliant language, such as C# and VB.NET, and
use these .NET stored procedures in the database, in the same manner as other PL/SQL or
Java stored procedures. .NET stored procedures can be called from PL/SQL packages,
procedures, functions, and triggers; from SQL statements; or from anywhere a PL/SQL
procedure or function can be called.

Migration options include:

*  Moving the .NET code (assembilies) into a middle tier

* Using the External Procedures feature to have the external process load and execute
the .NET assembly

*  Rewriting the stored procedures using PL/SQL or Java

Changes in Oracle Database 12c Release 2 (12.2)

ORACLE

The following are changes in Oracle Database Extensions for .NET Developer's Guide for
Oracle Database 12c Release 2 (12.2).



Changes in Releases for Oracle Database Extensions for .NET Developer's Guide

New Features

The following features are new in this release:

» Unhandled exceptions are no longer automatically handled.

Beginning with this release of Oracle Database Extensions for .NET, unhandled
exceptions in .NET stored procedures or functions will terminate the process to
make it easier to detect issues as soon as it happens. This behavior can be
modified through the ext proc. exe. conf i g configuration file.

# See Also:

extproc.exe.config Configuration File

» Oracle assemblies are no longer placed in Global Assembly Cache

The Oracle Database Extensions for .NET no longer places its assemblies in the
Global Assembly Cache (GAC). The ext proc. exe. confi g configuration file is
configured properly by the installer with the location of these assemblies so that
they can be located and loaded at runtime.

" See Also:

extproc.exe.config Configuration File

« New TraceFi | eLocati on registry key

The TraceFi | eLocat i on registry key allows you to choose the directory in which
the trace files will be generated.

¢ See Also:

TraceFileLocation

Changes in Oracle Database 12c Release 1 (12.1)

The following are changes in Oracle Database Extensions for .NET Developer's Guide
for Oracle Database 12¢ Release 1 (12.1).

New Features

The following features are new in this release:

* The Oracle CLR services now runs as the Oracle Home User, a potentially lower
privileged user that is defined during database installation. These services are no
longer automatically created by the installer. Instead, a new utility, OraCl rCt 1. exe,
is used to create them.

ORACLE X
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# See Also:

"Oracle CLR Services and the Oracle Home User Account.”
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Introduction to Oracle Database
Extensions for .NET

These topics introduce Oracle Database Extensions for .NET, which makes it possible to
build and run .NET stored procedures or functions with Oracle Database for Microsoft
Windows.

e Oracle Database Extensions for .NET Overview

e Oracle Database Extensions for .NET Architecture
e Oracle Data Provider for .NET

e Oracle Developer Tools for Visual Studio

e Oracle Deployment Wizard for .NET

Oracle Database Extensions for .NET Overview

ORACLE

Oracle Database Extensions for .NET provides the following:

A Common Language Runtime (CLR) host for Oracle Database
» Data access through Oracle Data Provider for .NET classes
e Oracle Deployment Wizard for Visual Studio

The Oracle Database hosts the Microsoft Common Language Runtime (CLR) in an external
process, outside of the Oracle database process. The integration of Oracle Database with the
Microsoft Common Language Runtime (CLR) enables applications to run .NET stored
procedures or functions on Oracle Database, on supported Microsoft Windows operating
systems.

Application developers can write stored procedures and functions using any .NET compliant
language, such as C# and VB.NET, and use these .NET stored procedures in the database,
in the same manner as other PL/SQL or Java stored procedures. .NET stored procedures
can be called from PL/SQL packages, procedures, functions, and triggers; from SQL
statements, or from anywhere a PL/SQL procedure or function can be called.

Application developers build .NET procedures or functions into a .NET assembly, typically
using Microsoft Visual Studio. Oracle Data Provider for .NET is used in .NET stored
procedures and functions for data access. After building .NET procedures and functions into
a .NET assembly, developers deploy them in Oracle Database, using the Oracle Deployment
Wizard for .NET, a component of the Oracle Developer Tools for Visual Studio.

The .NET stored procedure or function appears to the caller as a PL/SQL stored procedure or
function because a PL/SQL wrapper has been generated for it. The user invokes a .NET
stored procedure or function through this PL/SQL wrapper. Oracle Deployment Wizard

for .NET determines the probable mappings between Oracle data types and .NET data types,
which the user can override. The mappings are handled seamlessly by the PL/SQL wrapper.

1-1



Chapter 1
Oracle Database Extensions for .NET Architecture

Oracle Database Extensions for .NET Architecture

User Dgtr:i:allze Oracle
Application g Instance =P | PLSOL | i Listener
- Oracle CLR
Host
Data Microsoft
Store NET CLR
Client Process Space Oracle Process Space External Process Space

This architecture diagram shows the client application and then two process spaces,
the Oracle process space and the external process space.

The Oracle process space includes the Oracle database instance and hosts the
PL/SQL wrapper.

The external process space includes the Oracle CLR host, in which .NET stored
procedures or functions are executed.

Oracle CLR Host

The Oracle CLR host is installed as part of Oracle Database Extensions for .NET
installation and runs in the ext pr oc process. The ext proc process loads the Oracle
CLR host which in turn loads an instance of the Microsoft Common Language Runtime
(CLR), thus providing an interface for the wrapped PL/SQL procedure. These
mechanics are not visible to the users. From a user's point of view, the application is
invoking just another PL/SQL stored procedure or function.

# Note:

The Microsoft .NET Framework must be installed on the same computer as
the database.

External Processes

.NET stored procedures or functions are hosted in a process external to the Oracle
Database. This external process is a heterogeneous service agent called ext pr oc,
external procedure agent, or external process. This guide uses the terms ext proc
process or ext proc agent.
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Chapter 1
Oracle Database Extensions for .NET Architecture

¢ See Also:

Oracle Database Heterogeneous Connectivity User's Guide

The ext proc process supports the following architectures:

* Dedicated Agent Architecture
e Multithreaded Agent Architecture

Dedicated Agent Architecture

In dedicated (that is, single-threaded) agent architecture, an ext pr oc process is started for
each user session. The process terminates when the user session ends. This architecture
can consume an unnecessarily large amount of system resources since, with every user
session, a new ext proc process must be started and shut down. Therefore dedicated agent
architecture does not perform well in terms of system resources and runtime efficiency.

Multithreaded Agent Architecture

A multithreaded ext pr oc process uses a pool of shared threads. The tasks requested by the
user sessions are put on a queue and are picked up by the first available thread.

Multithreaded agent architecture allows more efficient use of system resources than
dedicated architecture.

A separate multithreaded ext pr oc process must be started for each system identifier (SID).
Each TNS listener that is running on a system listens for incoming connection requests for a
set of SIDs. If the SID in an incoming Oracle Net connect string is one that the listener is
listening for, then that listener processes the connection. If a multithreaded process has been
started for the SID, then the listener passes the request to that process.

# See Also:

e Oracle Database Development Guide

e Oracle Database Administrator's Guide

Real Application Clusters (RAC) and External Processes

The Oracle multithreaded ext proc process is tightly coupled with the Oracle listener.
Therefore, each node in a Real Application Clusters (RAC) environment has an Oracle
multithreaded ext pr oc process associated with the listener on that node.

Multiple Databases Instance and External Processes

A single Oracle multithreaded ext pr oc process is used with multiple database instances
associated with a single Oracle home if a single listener is shared among multiple database
instances.
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Chapter 1
Oracle Data Provider for .NET

Oracle Data Provider for .NET

Oracle Data Provider for .NET provides data access to the Oracle Database from any
client application. Oracle Data Provider for .NET is available for free download on
Oracle Technology Network (OTN).

¢ See Also:

Oracle Data Provider for .NET Developer's Guide for Microsoft Windows for
detailed descriptions of ODP.NET classes

Oracle Developer Tools for Visual Studio

Oracle Developer Tools for Visual Studio is a set of application tools tightly integrated
with the Visual Studio development environment. Oracle Developer Tools enables
developers to execute a wide range of application development tasks, such as
creating tables, editing stored procedures, and viewing data in the Oracle Database.
Oracle Developer Tools for Visual Studio is available for free download on Oracle
Technology Network (OTN).

¢ See Also:

Oracle Developer Tools for Visual Studio Help
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Chapter 1
Oracle Deployment Wizard for .NET

Oracle Deployment Wizard for NET

Oracle Deployment Wizard for .HET @

Welcome to the Oracle Deployment
Wizard for NET

The Cracle Deployment Wizard for JNET deploys a J\METassembly ko
database, This wizard will copy the assembly o the binlcle direckary,
create the library, and generate stub stored procedures,

[ Do not show this page again, |

Click Mext to conkinue,

Mext = Cancel

The Oracle Deployment Wizard for .NET is a graphical tool integrated with Microsoft Visual
Studio which makes it easy to deploy any .NET procedure or function into an Oracle
Database. It is installed as part of Oracle Developer Tools for Visual Studio.

# See Also:

Oracle Developer Tools for Visual Studio Dynamic Help, available by installing
Oracle Developer Tools for Visual Studio, for more information
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Installation and Configuration

These topics describe the installation of Oracle Database Extensions for .NET, system
requirements, and file locations.

¢ System Requirements

* Requirements for .NET Stored Procedures and Functions

* Installation

e Configuring Extproc Agent Using Windows Service

* File Locations after Installation

* Listener and Tnsnames Files

e Migrating .NET Stored Procedures from Oracle Database 12c¢ Release 1 (12.1) or later
e Migrating .NET Stored Procedures from Oracle Database 11g Release 2 (11.2)

e Mandatory Migration of .NET 1.x and 2.x Stored Procedures to .NET 4.8

e Oracle Database Extensions for .NET Registry Options

e extproc.exe.config Configuration File

System Requirements

ORACLE

Each release of Oracle Database Extensions for .NET has very specific version
requirements. The following system requirements only apply to Oracle Database Extensions
for .NET version 21.3. If you are using a different version, please see the documentation
specific to your version:

¢ Oracle Database 21.3 on Windows.

< Note:

Oracle Database Extensions for .NET is only supported on the Windows
Platform.

e Microsoft .NET Framework

— Oracle Database Extensions for .NET Framework 4 is only supported with
Microsoft .NET Framework 4.8

e Oracle Data Provider for .NET version 21.3 (if data access in stored procedures is
required).

*  Oracle Developer Tools for Visual Studio 19.3.2 or later is required for .NET stored
procedure deployment.
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Chapter 2
Requirements for .NET Stored Procedures and Functions

< Note:

Oracle Developer Tools for Visual Studio is not released with Oracle
Database. It can be obtained from the Oracle .NET Developer Center.

¢ See Also:

e Oracle Database Installation Guide for Microsoft Windows

e Mandatory Migration of .NET 1.x and 2.x Stored Procedures to .NET 4.8

Requirements for .NET Stored Procedures and Functions

A .NET stored procedure or function must meet the following requirements:
» Be declared a public static method.
* Not be a constructor or a destructor.

» Use parameter types that are compatible with the Oracle native database types.

Installation

This section discusses many of the results of Oracle Database Extensions for .NET
installation.

It covers these topics:

* Installation and First Use

»  File Locations after Installation

* Oracle CLR Services and the Oracle Home User Account

*  Using the OraClrCtl Utility to Create and Run OraClrAgent Services

Installation and First Use

ORACLE

In earlier releases of Oracle Database, Oracle Database Extensions for .NET required
a custom installation. Beginning in Oracle Database 12c¢, Oracle Database Extensions
for .NET is always installed, however it is not enabled, and Windows services for it are
not created.

Before the first use of Oracle Database Extensions for .NET, do the following:

1. Install Oracle Database 21c and either allow the installer to create the database
for you, or install the database software only and use Database Configuration
Assistant to create a database afterwards.

2. Execute the following to create the Oracle Database Extensions for .NET windows
service.

oraclrctl -new

2-2



Chapter 2
Installation

¢ See Also:

"Using the OraClrCtl Utility to Create and Run OraClrAgent Services"

Oracle CLR Services and the Oracle Home User Account

Beginning with Oracle Database 12c, the Oracle CLR services run as the Oracle Home User.
Database installations now provide a way for users to specify at installation time a Oracle
Home User account under which the various Oracle services are run. This non-privileged
account can be a local user or a domain user without administrative privileges.

In earlier versions of Oracle Database, these CLR services were created automatically by the
installer. Now, they are created manually, after installation, using the OraCl r Ct | . exe utility.

The database installation does not create the Oracle CLR service but still performs the
necessary configuration in the database for Oracle Database Extensions for .NET to function
properly. This includes the following:

e Creating the | i st ener. or a entries for ext proc.
e Creating a cl r folder under ORACLE_BASE\ \ ORACLE_HOME\ bi n.

* Installing the OraCl r Ct | . exe utility described in Using the OraClIrCtl Utility to Create and
Run OraClrAgent Services.

¢ See Also:

Oracle Database Platform Guide for Microsoft Windows

Using the OraClrCtl Utility to Create and Run OraClrAgent Services

ORACLE

The Orad r Ct 1. exe utility creates the Orad r Agnt service in the ORACLE_BASE\

\ ORACLE_HOME\ bi n directory and configures it to run using the Oracle Home User account
specified during database installation. The service can be accessed through the Service
Control Panel, as Or acl eEORACLE_HOMEC r Agent , where ORACLE_HOME represents your
Oracle home.

Orad rCtl. exe can also start, stop, and delete the Orad r Agnt service.
Example

oraclrctl.exe -start -host conputer-pch

Oad rCtl. exe accepts these arguments:

-new: Create and start new service.

- del et e: Delete service.

-start: Start Service.

- st op: Stop service.

2-3



Chapter 2
Configuring Extproc Agent Using Windows Service

-host host nane: Execute the operation on the specified host. If no host is specified,
defaults to local host.

Orad rCtl. exe returns TRUE (1) or FALSE (0), and displays a SUCCESS or FAI LURE
message. Upon a failure, the message displays the OS error number and the
corresponding message.

Configuring Extproc Agent Using Windows Service

Orad rAgnt is created by OraCl r 1. exe. The service can be accessed through the
Service Control Panel, as Or acl eORACLE_HOVEC! r Agent , where ORACLE_HOME
represents your Oracle home.

This service accepts these parameters listed in Table 2-1.

These parameter values can be specified as part of the Start Parameters in the
properties window of the Control Panel Service. In this case, the parameter values are
not saved and the values must be supplied again if the service is restarted later.

To persist the parameter values, you can change the Windows registry entry for this
service and provide the parameter values as command line parameters to
O ad r Agnt . exe. To do this, set the Windows registry key, | nagePat h, located at

HKEY LOCAL_MACHI NE\ SYSTEM Current Cont r ol Set\ Ser vi ces\
O acl eOr acl eHoned r Agent

The value should be something similar to the following:

ORACLE_BASE\\ ORACLE_HOME\ bi n\ Or aCl r Agnt . exe agent _si d=CLRExt Proc
max_di spat chers=2 tcp_di spatchers=0 max_task_t hreads=6 max_sessi ons=25
ENVS="EXTPROC_DLLS=ONLY: ORACLE_BASE\\ ORACLE_HOME\ bi n\oracl r.dl "

If the service cannot be started or stopped, the error messages are logged in the
Application Log of the Event Viewer, with the service name as the event source name.

¢ See Also:

Oracle CLR Services and the Oracle Home User Account for a description of
how OraCl r Agnt is created by OraClrCt | . exe.

OraClrAgnt Service Parameters

ORACLE

Table 2-1 lists the parameters which can be configured using this service.

Table 2-1 OraClrAgnt Service Parameters

______________________________________________________________________|
Parameters Descriptions

agent _sid This represents the S| D of the ext pr oc process. The default value is
CLREXt Pr oc. This is a mandatory parameter. If this parameter value
is changed, appropriate changes need to be made in t nsnanes. or a
and | i stener. orafiles.

2-4



Chapter 2
Configuring Extproc Agent Using Windows Service

Table 2-1 (Cont.) OraClrAgnt Service Parameters

______________________________________________________________________|
Parameters Descriptions
ENVS Variable that specifies the EXTPROC_DLLS environment variable,
which restricts the DLLs that ext pr oc can load.

This is similar to setting environment variables to external procedures
using | i st ener. ora.

Refer to "Table 13-5 External Procedures Settings in listener.ora" in
Oracle Database Net Services Administrator's Guide for more
information.

[istener_address Address on which the listener is listening. This is an optional
parameter. If it is not specified, then this is set to the default value.

max_di spat chers Number of maximum dispatchers in the ext pr oc process. This is an
optional parameter. If it is not specified, then this number is set to a
default value.

max_sessi ons Number of maximum sessions in the ext pr oc process. This is an
optional parameter. If it is not specified, then this number is set to a
default value.

max_t ask_t hreads Number of maximum task threads in the ext pr oc process. This is an
optional parameter. If it is not specified, then this number is set to a
default value.

shut down_addr ess Address on which the agent should listen for shutdown messages
from agt ct | . This is an optional parameter. If it is not specified, then
this is set to the default value.

tcp_di spatchers Number of TCP dispatchers in the ext pr oc process. This is an
optional parameter. If it is not specified, then this number is set to a
default value.

# See Also:

Oracle Call Interface Programmer's Guide, Table F-2, Configuration Parameters for
agtctl

Tuning OraClrAgnt for Performance

ORACLE

You should tune the Orad r Agnt to match the expected load on your system.

Excessive ext proc. exe processes being spawned is a sign that you have set the
configuration values too low.

Start with the following values and increase as you test your system for performance:

OraClrAgnt Parameter Initial Value
max_sessi ons 25

max_t ask_t hreads 6

max_di spat chers 2
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File Locations after Installation

oraclr.dll isinstalled in the ORACLE_BASE\\ ORACLE_HOMVE\bi n directory.
O acl e. Dat abase. Ext ensi ons. dl | is installed to the following location:

e .NET Framework 4:
ORACLE_BASE\ \ ORACLE_HOVE\ CDE. NET\ hi n\ 4

.NET assemblies deployed by developers are copied into the
ORACLE_BASE\ ORACLE_HOME\ bi n\ CLR directory (or its subdirectory) by the Oracle
Deployment Wizard for .NET.

Listener and Tnsnames Files

The following are typical examples of the | i st ener. ora and t nsnames. or a files
configured for Oracle Database Extensions for .NET. By default, Oracle Database
Extensions for .NET uses CLRExt Proc as the SID, but this can be changed using the
Database Configuration Assistant (DBCA).

Listener.ora file

SID LI ST LI STENER =
(SID LIST =
(SI'D_DESC =
(SI D_NAME = PLSExt Proc)
(ORACLE_HOME = C:\oracl e\ dat abase_1)
( PROGRAM = ext proc)

)
(SI'D_DESC =

(SI D_NAME = CLRExt Proc)

(ORACLE_HOME = C:\oracl e\ dat abase_1)

( PROGRAM = ext proc)

(ENVS="EXTPROC DLLS=ONLY: C:\oracl e\ dat abase_1\bin\oraclr.dl ")
)

)

LI STENER =
(DESCRI PTI ON_LI ST =
( DESCRI PTI ON =
( ADDRESS = ( PROTOOOL

)
)

| PC) (KEY = EXTPROCL))

Tnsnames.ora File

ORACLE =
(DESCRI PTI ON =
( ADDRESS LI ST =
(ADDRESS = ( PROTOCOL

TCP) (HOST = user. us. exanpl e. com) (PORT = 1521))

)
( CONNECT_DATA =
( SERVER = DEDI CATED)
(' SERVI CE_NAME = oracl e. us. exanpl e. com
)
)
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ORACLR_CONNECTI ON_DATA =
( DESCRI PTI ON =
( ADDRESS_LI ST =
(ADDRESS = (PROTOCOL = | PC) (KEY = EXTPROCL))

)
( CONNECT_DATA =
(SI'D = CLRExt Proc)
( PRESENTATI ON = RO)
)
)

EXTPROC_CONNECTI ON_DATA =
( DESCRI PTI ON =
( ADDRESS_LI ST =
(ADDRESS = (PROTOCOL = | PC) (KEY = EXTPROCL))

)
( CONNECT_DATA =
(SI'D = PLSExt Proc)
( PRESENTATI ON = RO)
)
)

Migrating .NET Stored Procedures from Oracle Database 12¢c
Release 1 (12.1) or later

ORACLE

You can migrate .NET stored procedures from a source Oracle Database 12c Release 1
(12.1) or later as follows:

1. Select the libraries that are used by .NET stored procedures from the source database.
For example,

SELECT library_nane, file_spec FROM ALL_LI BRARI ES WHERE OMNER=' SYS' and
FI LE_SPEC LI KE ' $ORACLE_HOVE\ bi n\cl r\ % ;

I'i brary_name is usually in the format dl | _name_DLL. For example, the | i brary_nane for
Project1.dl | would be PROOECT1 DLL.

2. Create a SQL file manually (for example, Dot Net SP_G ant . sql ) with the following SQL
statements:

CREATE LI BRARY "SYS"."library_name" AS 'file_spec'

GRANT EXECUTE ON "SYS'."library_nane" TO "schema_nane"

GRANT EXECUTE ON "SYS'."DBMS_CLR' TO "schena_nane"

GRANT EXECUTE ON "SYS'."DBMS_CLRTYPE' TO "schema_nane"

GRANT EXECUTE ON "SYS'. " DBMS_CLRPARAMIABLE" TO "schena_nane"

3. Run Oracle Data Pump Export utility for the source database.
For non-pluggable databases, execute the following command:

Expdp system schemas="schena_nane" directory=0ORACLECLRDI R dunpfi | e=Dot Net SP. dnp
i ncl ude=PROCEDURE, FUNCTI ON

For pluggable databases, execute the following commands:
a. Create directory nane as the path to Dot Net SP. dnp on the server.
create directory name as 'path to Dot Net SP.dnp on the server';

b. Run Oracle Data Pump Export utility for the source database.

2-7



4,

Chapter 2
Migrating .NET Stored Procedures from Oracle Database 119 Release 2 (11.2)

expdp system@NS alias for pluggable database schemas="schema_nane"
di rect ory=nane dunpfil e=Dot Net SP. dnp i ncl ude=PROCEDURE, FUNCTI ON

where nane is the directory name provided in step 3.a.
c. Drop the directory name provided in step 3.a.

drop directory name

where nane is the directory name provided in step 3.a.

Copy .NET stored procedure assemblies from the source database ORACLE_BASE\
\ ORACLE_HOWME\ bi n\ ¢l r folder and its subfolders to the same directory structure in
the target database.

Run Dot Net SP_Grant. sql as SYSDBA against the target database.

If you are migrating to a target that is a pluggable database:

a. Create directory nane as the path to Dot Net SP. dnp on the server.
create directory name as 'path to Dot Net SP.dnp on the server';

b. Run Oracle Data Pump Import utility for the target database.

i mpdp system@NS alias for pluggabl e database schemas="schena_name"
di rect ory=nane dunpfil e=Dot Net SP. dnp

where nane is the directory name provided in step 6.a.
c. Drop the directory nane provided in step 6.a.

drop directory nane

where nane is the directory name provided in step 6.a.
If you are not migrating to a target that is a pluggable database:
Run Oracle Data Pump Import utility for the target database.

i npdp system schenmas="schema_nane" director y=ORACLECLRDI R
dunpfi | e=Dot Net SP. dnp

" Note:
Do not drop directory ORACLECLRDI R.

Migrating .NET Stored Procedures from Oracle Database
11g Release 2 (11.2)

You can migrate .NET stored procedures from Oracle Database 11g Release 2 (11.2)
as follows:

ORACLE

1.

Select the libraries that are used by .NET stored procedures from the Oracle
Database 11g Release 2 (11.2). For example,

SELECT library_nane, file spec FROM ALL_ LI BRARI ES WHERE OMNER=' SYS' and
FI LE_SPEC LI KE ' $ORACLE_HOVE\ bin\cl r\ % ;
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I'i brary_name is usually in the format dl | _name_DLL. For example, the | i brary_nane for
Project1.dl | would be PROUOECT1 DLL.

2. Create a SQL file manually (for example, Dot Net SP_Gr ant . sgl ) with the following SQL
statements:

CREATE LI BRARY "SYS"."library_name" AS 'file_spec'

GRANT EXECUTE ON "SYS'."library_name" TO "schema_nane"

GRANT EXECUTE ON "SYS'."DBMS_CLR' TO "schema_nane"

GRANT EXECUTE ON "SYS'."DBMS_CLRTYPE' TO "schema_nane"

GRANT EXECUTE ON "SYS'. " DBMS_CLRPARAMIABLE" TO "schema_nane"

3. Run Oracle Data Pump Export utility for the Oracle Database 11g Release 2 (11.2).

Expdp system schemas="schena_nanme" directory=0ORACLECLRDI R dunpfi | e=Dot Net SP. dnp
i ncl ude=PROCEDURE, FUNCTI ON

4. Copy .NET stored procedure assemblies from Oracle Database 11g Release 2 (11.2)
ORACLE_BASE\ \ ORACLE_HOME\ bi n\ ¢l r folder and its subfolders to the same directory
structure in the target database.

5. Run Dot Net SP_Grant. sgl as SYSDBA against the target database.
6. If you are migrating to a target that is a pluggable database:
a. Create directory nane as the path to Dot Net SP. dnp on the server.
create directory name as 'path to Dot Net SP.dnp on the server';
b. Run Oracle Data Pump Import utility for the target database.

i mpdp system@NS alias for pluggabl e database schemas="schena_name"
di rect or y=nane
dunpfi | e=Dot Net SP. dnp

where name is the directory name created in step 6.a.
c. Drop the directory nanme provided in step 6.a.

drop directory name

where name is the directory name created in step 6.a.
7. If you are not migrating to a target that is a pluggable database:
Run Oracle Data Pump Import utility for the target database.

i mpdp system schemas="schema_nane" direct or y=ORACLECLRDI R
dunpfi | e=Dot Net SP. dnp

" Note:
Do not drop directory ORACLECLRDI R.

Mandatory Migration of .NET 1.x and 2.x Stored Procedures
to .NET 4.8

Beginning with Oracle Database Extensions for .NET version 11.1.0.7.20, .NET 1.x stored
procedures are no longer supported. Also, beginning with Oracle Database Extensions
for .NET version 21.3, .NET 2.x stored procedures are no longer supported. Specifically,
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Oracle Database Extensions for .NET 1.x and 2.x and Oracle Data Provider for NET
1.x and 2.x are no longer included in this release. If you have existing .NET 1.x or 2.x
stored procedures from an earlier release, you will need to take special migration
steps to ensure that they work in this release.

WARNING:

In some cases, migration from .NET 1.x will require code changes. You
should not install this release in a production environment if you have .NET
1.x stored procedures until you have verified in a test environment that your
stored procedures have been successfully migrated. If you have already
installed this release and are encountering errors in your .NET 1.x stored
procedures, you should downgrade to an earlier version of Oracle Database
Extensions for .NET until you are able to make any required code changes to
your stored procedures.

Determining if Code Changes are Needed

You will need to analyze your .NET 1.x stored procedures to determine if code
changes are required to migrate to this release. Specifically you should investigate:

e Code incompatibilities between ODP.NET for .NET 1.x and ODP.NET for .NET 4.

e Code incompatibilities between Oracle Database Extensions for .NET 1.x and
Oracle Database Extensions for .NET 4.

e ADO.NET 1.x migration issues.

¢ See Also:
e Addressing Code Incompatibilities Between ODP.NET for .NET 1.x and
ODP.NET for .NET 4

e Addressing Code Incompatibilities Between Oracle Database Extensions
for .NET Versions 1.x and 4

e https://msdn. mcrosoft.conf en-us/default.aspx

Migration Approaches

There are two possible approaches to allow your .NET 1.x or .NET 2.x stored
procedures to work with this release:

e Recompile and redeploy your .NET 1.x or 2.x stored procedures using ODP.NET
for .NET 4. Oracle strongly recommends this approach and it is required if there
are incompatibilities that require code changes.

e Configure your .NET 1.x or 2.x stored procedures to run using ODP.NET for .NET
4. This does not require recompilation but introduces the possibility of run-time
errors if there are unaddressed incompatibilities.
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¢ See Also:

Configure .NET 1.x or 2.x Stored Procedures to Use .NET 4 Without Recompiling

Addressing Code Incompatibilities Between ODP.NET for .NET 1.x and
ODP.NET for .NET 4

You may need to address the following code incompatibilities related to ODP.NET in
your .NET 1.x stored procedures:

* In ODP.NET for .NET 2.0 (or later), Or acl ePar anet er . Val ue returns Or acl eDeci mal
instead of .NET native types when O acl ePar anet er. Or acl eDbType is set to a number
type, such as I nt 32, Doubl e. This behavior change is summarized in the following table:

OracleParameter.Value
Returned in .NET 4

OracleParameter.Value
Returned in .NET 1.x

OracleParameter.OracleDbType

Oracl eDbType. Byte System Byte O acl eDeci mal

Oracl eDbType. Doubl e Syst em Doubl e O acl eDeci mal
Oracl eDbType. Bi naryDoubl e Syst em Doubl e O acl eDeci mal
Oracl eDbType. I nt 16 System Int 16 O acl eDeci mal
Oracl eDbType. I nt 32 System I nt 32 O acl eDeci mal
Oracl eDbType. | nt 64 System | nt 64 O acl eDeci mal

Oracl eDbType. Singl e System Singl e O acl eDeci mal

Oracl eDbType. Bi nar yFl oat System Singl e O acl eDeci mal

If any of the preceding O acl eDbType enumeration values are used by your .NET 1.x
stored procedure for an out orin/out Oracl eParanet er, then it may need to be modified.

e In ODP.NET for .NET 4, Oracl ePar anet er. Val ue returns provider-type specific nul |
value (Oracl ed ob. Nul ') instead of DBNul | . Val ue when O acl ePar anet er. Or acl eDbType
is set for connected types. For example, if Oracl ePar anet er . Or acl eDbType is set to
O acl eDbType. O ob, then O acl ePar anet er . Val ue represents a nul | value by returning
Oracl ed ob. Nul | instead of DBNul | . Val ue, which is the case in ODP.NET for .NET 1.x.

Addressing Code Incompatibilities Between Oracle Database Extensions
for NET Versions 1.x and 4

ORACLE

If any of the connected types are passed as parameters to your .NET 1.x stored procedure,
and if the procedure checks for nul | values, then you may need to modify the procedure.
Oracle Database Extensions for .NET 1.x uses a .NET nul | to represent a nul | value when
the parameter happens to be a connected type. Oracle Database Extensions for .NET 4 uses
provider-type specific nul | value, such as Oracl eBFi | e. Nul | , in these cases.

You can configure Oracle Database Extensions for .NET 4 to use .NET nul | values for
connected type nul | values in place of provider-specific type nul | values. To do this, create
and set the following registry value to O:
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HKEY_LOCAL_MACHI NE\ SOFTWARE\ ORACLE\ KEY_ORACLE_HOVE\ CDE\ Pr ovi der Nul |

You can find the documentation about this registry value in the section "Backward
Compatibility for Nullable ODP.NET Connected Types" in Oracle Data Provider
for .NET Developer's Guide for Microsoft Windows.

Recompile and Redeploy .NET 1.x and 2.x Stored Procedures Using
ODP.NET for .NET 4

If you find code incompatibilities, you will need to recompile your .NET 1.x stored
procedures using ODP.NET for .NET 2.0 (or later).

Even if you do not find code incompatibilities, Oracle recommends that you recompile
and redeploy your .NET 1.x and 2.x stored procedures. Recompiling ensures that you
do not get run-time errors, if there are any unaddressed compatibility issues. Redeploy
the stored procedures after successful recompilation.

Configure .NET 1.x or 2.x Stored Procedures to Use .NET 4 Without
Recompiling

ORACLE

Alternatively, if there are no code incompatibilities, and you do not wish to recompile,
you can configure the .NET 1.x or 2.x stored procedures to run with ODP.NET for .NET
4. This approach does not require you to recompile and redeploy the .NET stored
procedures. However, you might get run-time errors, if there are any unaddressed
incompatibilities between versions 1.x or 2.x and version 4 of Oracle Database
Extensions for .NET, ODP.NET, and ADO.NET. Use the following steps to configure
the .NET 1.x or 2.x stored procedures to run with ODP.NET for .NET 4 without
recompiling and redeploying them:

1. Follow steps similar to those given in Migrating .NET Stored Procedures from
Oracle Database 12c Release 1 (12.1) or later or Migrating .NET Stored
Procedures from Oracle Database 11g Release 2 (11.2) to migrate your stored
procedures to Oracle Database 21c.

2. Modify or create the ext proc. exe. confi g file in the NewOr acl eHone\ bi n folder to
redirect ODP.NET (Or acl e. Dat aAccess. dl |) 1.x or 2.x references to the installed
version of ODP.NET for .NET 4. (A version range may also be used) You will also
need to redirect Oracle Database Extensions for .NET references from the old
version (or a version range) to the current version. For example, to redirect
ODP.NET 2.111.7.20 references to ODP.NET 4.122.21.1, and Oracle Database
Extensions for .NET from an older version to the latest version 21.1, the
extproc.exe.config file should include the following configuration section:

<configuration>
<runtine>
<l egacyUnhandl edExcepti onPol i cy enabl ed="1"/>
<assenbl yBi ndi ng xm ns="urn: schemas- m crosoft-comasmv1">
<dependent Assenbl y>
<assenbl yl dentity name="0Oracl e. Dat abase. Ext ensi ons"
publ i cKeyToken="89B483F429CA7342" cul ture="neutral" />
<publ i sherPol i cy apply="no" />
<bi ndi ngRedi rect ol dVersi on="2.122. 0. 0- 2. 122. 9999. 9999"
newVer si on="4.122.21.1" />
</ dependent Assenbl y>
<dependent Assenbl y>
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<assenbl yldentity nanme="Oracl e. Dat aAccess”
publ i cKeyToken="89b483f 429c47342" cul ture="neutral" />
<bi ndi ngRedi rect ol dVersi on="2.122. 0. 0- 2. 122. 9999. 9999"
newVer si on="4, 122.21.1"/>
</ dependent Assenbl y>
</ assenbl yBi ndi ng>
</runtime>
</ configuration>

¢ See Also:

extproc.exe.config Configuration File

Oracle Database Extensions for .NET Registry Options

You can add functionality to Oracle Database Extensions for .NET using Windows registry
entries that are located at

HKEY_LOCAL_MACHI NE\ SOFTWARE\ ORACLE\ KEY_ORACLE_HOVE\ CDE

" Note:

Whenever a registry entry is changed, the OraCl r Agnt service needs to be restarted
in order to accept the new setting.

Table 2-2 lists registry keys that add functionality to Oracle Database Extensions for .NET
and the sections where the keys are discussed.

Table 2-2 Registry Options
]

Registry Key Section

.NETFr amewor k "Selecting a .NET Run Time Version"

Provi der Nul | "Backward Compatibility for Nullable ODP.NET Connected Types"
Recr eat eAppDonai n "Unloading .NET Assemblies for Easy Redeployment"

TraceFi | eLocation "TraceFileLocation"

TraceOption "TraceOption"

TracelLevel "TraceLevel"

Unloading .NET Assemblies for Easy Redeployment

ORACLE

From release 11.1.0.6.20, you can unload .NET assemblies when .NET stored procedure
execution completes. This makes it easier to repeatedly test your code during development. If
this registry key is not enabled, the expr oc. exe process (O ad r Agnt service) must be
stopped and started with each redeployment.

This feature should not be used during performance testing or for production, as it has a
negative effect on performance.
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To define assembly loading behavior, set the registry value Recr eat eAppDonmai n of type
REG_SZ under this registry key:

HKEY_LOCAL_MACHI NE\ SOFTWARE\ ORACLE\ KEY_ORACLE_HOVE\ ODE
The valid values for Recr eat eAppDonai n are:

0 = .NET Assembly remains loaded when the .NET stored procedure execution
completes.

1 = .NET Assembly is unloaded when the .NET stored procedure execution completes.

Backward Compatibility for Nullable ODP.NET Connected Types

ORACLE

ODP.NET for .NET 2.0 (or later) supports a static Nul | property in ODP.NET
Connected Types, in addition to the existing support for disconnected types such as
Oracl eDeci mal . It also supports a public property, | sNul | , for each of these types to
check whether or not objects of these types have been assigned a value.

This enables Nul | objects of ODP.NET Connected Types to be propagated to and from
a .NET stored procedure. The list of these connected types follows:

« OacleBlob

e OacleCob

e OacleBFile

e OacleXm Type

Previous versions of .NET stored procedures expected ODP.NET connected type
parameters to be passed as NULL rather than a Type. Nul | object. In order to support
backward compatibility, the registry string Provi der Nul | can be used to retain the old
behavior.

To determine how Oracle Database Extensions for .NET handles passing a NULL value
to an ODP.NET connected type parameter in a .NET stored procedure, set the registry
string Provi der Nul | under this registry key:

HKEY LOCAL_MACHI NE\ SOFTWARE\ ORACLE\ KEY_ORACLE_HOVE\ ODE
The valid values for Provi der Nul | are:

0 = ODP.NET connected-type parameters are passed as NULL rather than Type. Nul |
object.

1 = Oracle Database Extensions for .NET passes a Type. Nul | object to the .NET
stored procedure in the case of a null value.

¢ See Also:

Oracle Data Provider for .NET Developer's Guide for Microsoft Windows for
more information on nullable types
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Selecting a .NET Run Time Version

If multiple .NET run time versions are installed on the database computer, then Oracle
Database Extensions for .NET defaults to the latest .NET run time available. However, you
can configure Oracle Database Extensions for .NET to load a particular .NET run time by
setting a registry value.

To specify .NET run time version, set the registry value, . NETFr anewor k under this registry
key:

HKEY LOCAL_MACH NE\ SOFTWARE\ ORACLE\ KEY_ORACLE_HOVE\ ODE
Set the registry value to the appropriate .NET run time version.

Note: Only .NET Framework 4.8 is supported with this release.

¢ See Also:
Mandatory Migration of .NET 1.x and 2.x Stored Procedures to .NET 4.8

Debug Tracing

TraceOption

ORACLE

Oracle Database Extensions for .NET provides debug tracing support, which allows logging
of all the Oracle Database Extensions for .NET activities into one or more trace files. A
Windows event log entry will be created each time a trace is generated.

Beginning in this release, if the TraceFi | eLocat i on option (below) is not set, by default trace
files will be created in the Windows user temporary folder:

<Wndows user tenporary fol der>\CDE\trace>.

The Windows user temporary folder is determined by your local Windows settings, such as
your Windows TMWP or TEMP environment variable. Typically, it can be C:\'t enp or
C:\ User s\ <user nane>\ AppDat a\ Local \ Tenp.

# Note:

You can use Oracle Data Provider for .NET tracing mechanisms to troubleshoot
ODP.NET specific issues.

The following registry settings should be configured under

HKEY_LOCAL_MACHI NE\ SOFTWARE\ ORACLE\ KEY_ORACLE_HOVE\ CDE

TraceOpt i on specifies whether to log trace information in single or multiple files for different
threads. If the multiple trace files option is requested, a Thread ID is appended to the file
name to create a trace file for each thread.
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The valid values for TraceQpt i on are:
0 = Single trace file

1 = Multiple trace files

TraceFileLocation

TraceLevel

TraceFi | eLocat i on specifies the trace file destination directory, for example,
D:\traces. The default TraceFi | eLocat i on is <W ndows user tenporary
fol der>\ CDE\trace>.

TraceLevel specifies the level of tracing in Oracle Database Extensions for .NET.
The valid values for TracelLevel are:
0 = None

1 = Entry and exit information

¢ See Also:

Debug Tracing section in Oracle Data Provider for .NET Developer's Guide
for Microsoft Windows

extproc.exe.config Configuration File

ORACLE

Oracle Database Extensions for .NET will read a ext proc. exe. confi g configuration
file in the ORACLE_BASE\ \ ORACLE_HOME\ Bi n directory to look up configuration values
such as Oracle Database Extensions for .NET and Oracle Data Provider for .NET
assembly locations.

Beginning with Oracle Database Extensions for .NET 12.2, the

| egacyUnhandl edExcept i onPol i cy will not be enabled. Thus, by default, if any
unhandled exceptions occur within the process that executes the .NET stored
procedure, then the process will terminate. However, the ext proc. exe. confi g file can
be configured to have the same pre-12.2 behavior by enabling

| egacyUnhandl edExcepti onPol i cy so that the process does not terminate for
unhandled exceptions.

The following is an example of the ext proc. exe. conf i g configuration file with
| egacyUnhandl edExcepti onPol i cy enabled:

<configuration>
<runtine>
<l egacyUnhandl edExcepti onPol i cy enabl ed="1"/>
</runtime>
</ configuration>
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Development and Deployment with
Visual Studio

These topics describe the steps that are required to develop and deploy a .NET stored
procedure or function into an Oracle Database.

e Step 1: Develop the Stored Procedure or Function and Build it into an Assembly
e Step 2: Run the Oracle Deployment Wizard for .NET

e Step 3: Choose the Procedure or Function to Deploy and Security Level

e Step 4: Determine the Appropriate Parameter Type Mappings

e Step 5: Deploy the Procedure or Function

e Step 6: Test the Procedure or Function

e Step 7: Debug the Procedure or Function

Step 1: Develop the Stored Procedure or Function and Build it
Into an Assembly

Write the stored procedure or function using Microsoft Visual Studio with an appropriate .NET
language.

Use Oracle Data Provider for .NET (O acl e. Dat aAccess. O i ent and
O acl e. Dat aAccess. Types) in a .NET stored procedure or function to provide data access.

Build the stored procedure or function into an assembly as a 64-bit DLL, and not as an EXE.
This is typically accomplished using a Class Library project.

Keep in mind the Oracle Data Provider for .NET limitations and restrictions, especially
concerning connections and transactional semantics, when designing and developing a .NET
procedure or function that uses data access.

Step 2: Run the Oracle Deployment Wizard for .NET
Run Oracle Deployment Wizard for .NET from Microsoft Visual Studio. Oracle Deployment
Wizard for .NET is installed as part of the Oracle Developer Tools for Visual Studio. This

wizard requires SYSDBA credentials, the name of the assembly to be deployed, and the
database it is being deployed to.

Step 3: Choose the Procedure or Function to Deploy and
Security Level

Choose the procedure or function to be deployed when the Oracle Deployment Wizard
for .NET displays the list of methods for that assembly.
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Also, choose the security level.

Oracle Database Extensions for .NET executes .NET stored procedures or functions
at a specific security level. The security level dictates the Code Access Permissions
granted to a .NET stored procedure or function. By default, .NET stored procedures or
functions are executed with the SAFE security level.

The security levels are:

e Safe

In Safe level, the .NET stored procedure or function is allowed to access only
database resources. Access to any external resources such as local files,
networks, and so on, is not allowed.

e External

In External level, the .NET stored procedure or function is allowed to read or write
to local files, and to access network resources such as sockets and internet
nodes, and so on.

 Unsafe

In Unsafe level, the .NET stored procedure or function is allowed unrestricted
execution including execution of unmanaged code. It is a superset of all other
security levels.

¢ Note:

If ODP.NET is installed with non-machine wide configuration, then .NET
stored procedures will need to be deployed and configured with the 'Unsafe'
security level.

¢ See Also:

"Step 3: Choose the Function to Deploy" for the process of entering security
level

Step 4. Determine the Appropriate Parameter Type

Mappings

ORACLE

Determine the correct mapping between .NET and Oracle data types for creating a
PL/SQL wrapper for the .NET stored procedure or function. The Oracle Deployment
Wizard for .NET provides default mappings, but they can be overridden.

In case of overloaded .NET stored procedures or functions, you need to provide
distinct names for the PL/SQL wrappers.

Tables in Appendix A provides conversion information.
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¢ See Also:

"Data Type Conversion"

Step 5: Deploy the Procedure or Function

Deploy the procedure or function in the database. The wizard performs the following steps:

1.
2.

Connects as SYSDBA.

Copies the user assembly to the ORACLE_BASE\ \ ORACLE_HOWME\ bi n\ CLR directory or its
subdirectory.

Creates an Oracle library object and grants execute privilege on this library object to the
database user:

CREATE OR REPLACE LI BRARY CLRLI BRARY1 DLL AS ' $ORACLE HOVE\
bin\cl r\CLRLi braryl_dl | ;
GRANT EXECUTE ON CLRLI BRARY1 DLL TO SCOIT;

Creates a PL/SQL wrapper in the user's database schema for each procedure or
function, according to the parameter type mappings defined by the user.

If you will be repeatedly deploying and testing the procedure or function, you will need to start
and stop the OraC r Agnt service each time you deploy. See the Unloading .NET Assemblies
for Easy Redeployment section for information on a registry entry that will remove that
requirement.

Step 6: Test the Procedure or Function

Test the .NET stored procedure or function by calling the PL/SQL wrapper.

The PL/SQL wrapper can be located and executed easily using Oracle Developer Tools for
Visual Studio, or from a tool like SQL*Plus.

Step 7: Debug the Procedure or Function

Whenever a .NET stored procedure or function is invoked, the Oracle database listener
redirects the request to a multithreaded CLR external procedure agent, ext proc. exe.
Each .NET stored procedure or function is executed in the context of the ext proc. exe
process.

ORACLE

1.

Ensure that the debug versions of the .NET assembly representing the .NET stored
procedure or function and its pdb file and dependency DLLs, and their respective pdb files
are copied to the ORACLE_BASE\\ ORACLE_HQOME\ bi n\ ¢l r directory or one of its
subdirectories, based on the path provided while creating the library.

Attach the debugger to the ext proc. exe process. Note that the debugger should be
capable of debugging .NET code. If Visual Studio is used for debugging, select the Native
and Common Language Runtime options in the Attach to Process dialog box. The Native
option can be deselected if any .NET stored procedure has already been run in the
context of the same ext proc. exe process.
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Step 7: Debug the Procedure or Function

3.  When the debugger is attached, open the .NET stored procedure or function
source code and set any breakpoints that are needed, at the required locations.

4. Debug the .NET stored procedure.

# Note:

You can use Oracle Data Provider for .NET tracing mechanism to
troubleshoot application issues. Please see Debug Tracing section in Oracle
Data Provider for .NET Developer's Guide for Microsoft Windows.
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Development and Deployment of
a .NET Stored Function Demo

These topics demonstrate how to develop and deploy a .NET stored function.

*  Overview of .NET Stored Function Demonstration

e Step 1: Create the GetDeptNo Function and Build it into an Assembly
e Step 2: Start the Oracle Deployment Wizard for .NET

e Step 3: Choose the Function to Deploy

e Step 4: Determine the Appropriate Parameter Type Mappings

e Step 5: Deploy the Function to an Oracle Database

e Step 6: Test the Function

¢ See Also:

Oracle Developer Tools for Visual Studio Help for further information for further
information about these components

Overview of .NET Stored Function Demonstration

This demonstration uses Oracle Developer Tools for Visual Studio extensively although some
processes can be performed with other Oracle tools. Also, the demonstration refers to the
following components of Oracle Developer Tools for Visual Studio:

*  Server Explorer Integration
e Oracle Project
e Oracle Deployment Wizard for .NET

In this demonstration, you will develop and deploy a .NET stored function named Get Dept No,
with a PL/SQL wrapper, GETDEPTNO. The Get Dept No function accepts an employee number
(EMPNO), performs a query, and returns the department number (DEPTNO) of the employee.

Step 1: Create the GetDeptNo Function and Build it into an
Assembly

This demonstration begins by opening Visual Studio, creating a function, and building it into
an assembly.

1. Open Visual Studio and connect as scott / passwor d. See Oracle Developer Tools for
Visual Studio Help for information about connecting.
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Step 1: Create the GetDeptNo Function and Build it into an Assembly

From the Visual Studio menu, select File, then New Project.

To create an Oracle Project template, select the project type Visual C# Oracle
CLR Project.

Name the project CLRLi br ary1 and provide a location for it.

A class named CLRLi braryl. d ass1 appears. It contains a template for a stored
procedure.

-
x

Skart Page  Classl.cs | q
| CLRLibrary1 Class1 ~| |-

Fusing 3ystem;

using System.Data;

using Oracle.Datalccess.Client:
using Oracle.Datalccess. Types:

» | L

[ namespace CLELibraryl

i
J—] A4 <swmwar v
A4 Summwary description for Classl.
- FAF < umar v
] public class Classl
i {
= public static void StoredProcedurel ()
{
i
J4 TODO: Add code here
i

-

4 | o

By default, the project will be x86 configuration. Change the configuration to x64.

Download and install 64 bit Oracle Data Provider for NET Unmanaged Driver,
version 21.3.

In the project, add a reference to the 64 bit Or acl e. Dat aAccess. dl |
Copy the following code over the base class and save.

using System

/'l use the ODP.NET provi der
using Oracl e. DataAccess. Cient;
using O acl e. Dat aAccess. Types;

namespace CLRLibraryl
{
Il Sanple .NET stored function returning department nunber for
/'l a given enpl oyee nunber
public class Cassl
{
public static int GetDeptNo(int enpno)

{
int deptno = 0;

/I Check for context connection
O acl eConnection conn = new Oracl eConnection();
i f( OracleConnection.|sAvailable == true )

{
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conn. ConnectionString = "context connection=true";

}

el se

{
t hrow new | nval i dOper ati onException("context connection" +
"not available");
}

conn. pen();

/I Create and execute a conmand

O acl eCommand cnd = conn. Cr eat eConmand() ;

crd. CommandText = "SELECT DEPTNO FROM EMP WHERE EMPNO = : 1";

crd. Paraneters. Add(": 1", Oracl eDbType. I nt 32, enpno,
System Dat a. Paranet er Di rection. | nput);

O acl eDat aReader rdr = cnd. Execut eReader () ;

if (rdr.Read())
deptno = rdr. GetInt32(0);

rdr.d ose();
cnd. Di spose();
conn. C ose();

return deptno;

} I/ GetDeptNo
} Il dassl
} // CLRLibraryl

9. From the Build menu, select Build Solution or Build CLRLibrary1.
This builds the code into an assembly.

10. Save.

Step 2: Start the Oracle Deployment Wizard for .NET

Oracle Deployment Wizard for .NET can be started from the build menu.

1. From the Build menu, select Deploy CLRLibraryl.

Build Igel:uug Tools  Window E
Build Solution  Crl+Shift+E

Rebuild Solution

Deploy Solukion

(%% Build CLRLibrary1

Rebuild CLRLibrary1

Deploy CLRLibraryl "
Bakch Build. ..

Configuration Manager. ..

2. When the Welcome window appears, select Do not show this page again, if you want.
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Then, click Next.

Oracle Deployment Wizard for .NET

Wizard for NET

[ iDo nat show this page again.

Click Mext to continue,

Mext =

Chapter 4
Step 2: Start the Oracle Deployment Wizard for .NET

Welcome to the Oracle Deployment

The Oracle Deployment Wizard For \MET deplovs a .METassembly to
database, This wizard will copy the assembly to the binlclr directory,
create the library, and generate stub stored procedures,

Cancel

3. The Configure your OracleConnection window appears.

Choose your connection from the drop-down list, and click Next or click New

Connection, if you are not connected.

You must choose or add a SYSBA connection.

Oracle Deployment Wizard for, .NET

Configure your OracleConnection

Which data connection should the wizard use?

sys ORACLE

< Back Mext =

ﬂ | Mew Connection. ..

Cancel

ORACLE
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Step 2: Start the Oracle Deployment Wizard for .NET

If you have selected New Connection, the Add Connection window appears.

In the Connection Details tab, select the Data source name from the drop-down list.You
can select an option to Use Windows integrated authentication or an option Use a
specific user name and password, and enter that information.If you want, select Save
password.The option for Role shows SYSDBA, which is the only available option.If you
want to test the connection, click Test connection.Click OK,

Add Connection @§|

Enter information to connect to the selected data source or click "Change” to choose a
different data source andfor provider,

Data source:
Oracle Database (Oracle ODP.MET)

Connection Details | Fiters

Specify the Following details bo add a new connection,

[Daka source name: ORACLE w

) Use Windows integrated authentication

{*) Use a specific user name and password

User narne: 5':-"5|

Passwiord: itk

Save password

Fole: SYSDES w
Conneckion name: sy, ORACLE
[ Test Connection Ok l [ Cancel ]

The Specify your deployment option window appears.

The first time you run the deployment wizard, select Copy assembly and generate
stored procedures. If you later modify your function or stored procedure, you can run
the deployment wizard again, and choose to perform just one of these operations.Click
Next.
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Oracle Deployment Wizand for .NET

Specify your deployment option ] -

‘hat tyvpe of deployment would vou like to perform?

(* Copy assembly and generate stored procedures

This option will copy the assembly ko the database and generate the stored procedure wrappers,

" Copy assembly only

This option will anly copy the assembly to the database.

(" Generate stored procedures only

This aptian will only generate the stored procedure wrappers.,

« Back | Mext = | Cancel

6. The Specify an assembly and library name window appears.

To specify the assembly, select the project from the drop-down list, or select File,
and click Browse to navigate to the one you want.

To specify the name of the library database object to be used for the selected
assembly, accept the default, select the name from the drop-down list, or enter a
new name.

For this demonstration, accept the default project and library name and click Next.
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Step 2: Start the Oracle Deployment Wizard for .NET

Oracle Deployment Wizard for .NET PX|

Specify an assembly and library name ] -

Specify the source assembly and the name of the library database object to be used For the
selected assembly,

{* Project: | J
r | 4

Library narne: | CLRLIBRARY1_DLL ﬂ

< Back Zancel

7. The Specify Copy Options window appears.

To specify the dependent assemblies to copy to the database, select them from the list.
The list displays all possible dependent assemblies. In this case, the assemblies
displayed have already been copied to the database and, therefore, there is no need to
copy them. To deploy the assembly to a directory other than the default bi n\ cl r

directory, modify the destination path. The destination must be a bi n\ cl r directory or one
of its existing subdirectories.

For this demonstration, do not select any dependent assemblies, and do not modify the
destination path.

If you want to, select Overwrite the file if it already exists in the database.
Then, click Next.
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Oracle Deployment Wizand for .NET

Specify copy options ] -

Choose the dependent assemblies that should be copied over to the database, along with the
selecked assembly,

Dependent assemblies:

mscorlib

Oracle Dataficoess
Swskem

Swskern, Data

By default, the assembly is copied to the biniclr directory of the server's oracle home, Optionally, &
subdirectory in binlclk can be specified, IF specified, the subdirectory must already exist,

Destination subdirectary:

| Owervrite the assembly, and referenced assemblies if they already exist

Cancel

< Back |

Step 3: Choose the Function to Deploy

The Specify methods and security details window appears.

You can select the entire project to deploy, or expand it to deploy specific functions.
Because there is only one function in this project, selecting any one item, checks the
entire project. If there were more functions or procedures, you could select individual
items to deploy.

If you want to select a different schema to deploy, you can do so here. If the schema
you want is not listed, you need to apply different filters. For information on this
process, see Oracle Developer Tools for Visual Studio Help.

You can set the security level using the drop-down list. The possible levels are:

» Safe - (Default)
« External
e Unsafe

For this demonstration, do the following:

1. Choose Get Dept No() from the list of procedures and functions contained within
that assembly.

2. The schema initially says SYS. Change it to Scott, so that you can deploy it in the
scott schema.

3. Accept the default security level. You can either click Next to continue, or you can
click Parameter Type Mapping... to view the type mappings.
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Oracle Deployment Wizard for .NET PX|
Specify methods and security details -
Select the methods vou would like ko deploy to the database and specify their bype mappings, Only
public static methods can be deployved ko the database,

Available methods: Methad Details
=1 [ CLRLibrary1 rhema:
- [#] Class1
Int32 GetDeptMolInt3z, | SCoTT =
Database method:
\GETDEPTHO
Parameter Tyvpe Mapping... |
Security:
|SaFe ﬂ
<] | 2]
| Cancel |

¢ See Also:

Step 3: Choose the Procedure or Function to Deploy and Security Level

Step 4. Determine the Appropriate Parameter Type Mappings

If you have selected Parameter Type Mapping..., the Parameter Type Mapping window
appears, which allows you to change the data type, using the drop-down list.

For this demonstration, accept the default mappings of the .NET data type Syst em I nt 32 to
the Oracle type Bl NARY | NTEGER.

Click OK to return to the Specify methods and security details window.
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Parameter Type Mapping [5_<|

Specify parameter mapping from JMET bype ta Oracle type,

Pararneters

Mame MET Tvpe Cracle Type
Feturn Yalue Swskerm, Ink32 BIMARY _INTEGER.
empno Swstem, Ink3z BIMARY _IMTEGER

| Ik | Cancel Help

¢ See Also:

"Data Type Conversion" for data type mapping tables

Step 5: Deploy the Function to an Oracle Database

ORACLE

The Summary window of the Oracle Deployment Wizard for .NET appears, showing all
the indicated specifications. This window permits you to modify any values by
selecting Back.

To complete the demonstration, do the following:

1. Review the summary.

2. To verify SQL commands, select Show Script.
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Oracle Deployment Wizard for .NET P§|

Summary
4

You have completed specifving the information needed For the wizard, Use the Back button to modify
any of the values specified in the previous steps. Click Finish ko complete.

SUMMMnary:

Assembly Path: CACLRLbrary 1\ CLRLbrary 1 obi\DebughCLRLibrary 1 . dll
Project Mame; CLRLibrary1

CLRLibrary1.dll will be copied to $ORACLE_HOME\bin\clr of ORACLE,
1 stored procedures will be deploved to ORACLE,

CLRLibrary1.Class1,GetDeptho a5 SCOTT.GETDEPTHO

Shaowe Scripk

< Back Finish |

3.  When the Show Sql window appears, review the code for the PL/SQL wrapper and click
OK to return to the Summary window.

CREATE OR REPLACE LIBRARY CLRLIBRARY1_DLL AS "$ORACLE_HOME\bin\clyCLRLibrary 1. dil’;
GRANT EXECUTE ON CLRLIBRARY1 _DLL TO SCOTT;

GRANT EXECUTE QN DEM3_CLR TO SCOTT;

GRANT EXECUTE ON DEMS_CLRTYPE TO SCOTT;

GRANT EXECUTE ON DEMS_CLRPARAMTAELE T SCOTT;

CREATE OR REPLACE FUMNCTION SCOTT, GETDEPTHCCEMPING BINARY _INTESER) RETURN BIMARY _IM1

|
W

Help
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4. Click Finish to deploy the Get Dept No() function.

# Note:

If you will be repeatedly deploying and testing the procedure or function, you
will need to start and stop the Orad r Agnt service each time you deploy. See
the Unloading .NET Assemblies for Easy Redeployment section for
information on a registry entry that will remove that requirement.

Step 6: Test the Function

At this point, Get Dept No() function has been deployed to the Oracle Database and you
are ready to test it by invoking the PL/SQL wrapper function.

You must be connected as the default user, scot t, in this demonstration, to call the
function.

Test the function by invoking it from the following tools:

e Invoking from Oracle Developer Tools for Visual Studio
e Invoking from ODP.NET client
e Invoking from SQL*Plus

< Note:

When invoking the function, if you encounter ORA- 20100:
Syst em Badl mageFor mat Except i on, please make sure that the .NET Stored
Function is built as a 64-bit assembly, and not a 32-bit assembly.

Invoking from Oracle Developer Tools for Visual Studio

To locate and call the function from Oracle Developer Tools for Visual Studio:
1. From the View menu, select Server Explorer.

2. Expand the Functions node.

3. Locate GETDEPTNO.

4. Right-click GETDEPTNO and from the menu, select Run.
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Crracle Explarer

7]

= [_—IB Data Connections
+ srokt, (Local Database)
scott, ORACLE

Eﬁ Tables
@a Wigs
[ Procedures
m Functions
SRHAY GETDEF TR
& [Return Yalue)
(o EMPRIC)
E;:[ Packages
Sy NOnyYms
l:ﬁ SEqQUENCES
@ AML Database
@ lava Classes
[i MET Assernblies
[% scakk.pcs
[% srottdba,(Local Database)
[% sys,(Local Database)

[% sWs, o2
5

sysl.(Local Database)

+

+

+

e R R R

[ O e R

5.  When the Run Function dialog box appears, enter employee number 7934 as the input
value.
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Run Function - SCOTT.GETDEPTHNO@scott. ORACLE

Parameters:
Mame Direction [Data Type Yalue
EMPMO IN BIMARY _IMTEGER. 7934
(.4 | Zancel Help
Click OK.

The output value 10 appears in the Document Window, indicating that employee
number 7934 belongs to department 10.

Start Fage | Classl.cs SCOTT.GETDEP..LE[1][RESULT] | 4k X

Function <SCOTT,GETDEPTHC@scott, ORACLE = was run successfully,

Parameters:

Marne Direction Data Type Walue

RETURM WALLE BIMNARY _INTEGER

EMPMNO IM BIMARY _INTEGER 7934

Invoking from ODP.NET client

The following code sample demonstrates how to invoke the PL/SQL wrapper for .NET
function.

ORACLE

using System
using System Dat a;
using Oracl e. DataAccess. Cient;

namespace ODPNETC i ent App

public class Oassl

{

public static void Min()

{

int empno = 7934;
int deptno = 0;
try

{

/1 Open a connection to the database
Oracl eConnection con = new O acl eConnecti on(

"User |d=scott; Password=tiger; Data Source=instl");
con. Qpen();

/| Create and execute the command

Oracl eCommand cnd = con. Creat eCormand() ;
cmd. ConmandType = ConmandType. St or edProcedur e;
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cnd. ConmandText = "GETDEPTNO';

/] Set parameters
Oracl eParaneter retParam = cnd. Paranet ers. Add(": DEPTNCO',
Oracl eDbType. I nt 32, System Dat a. Par arret er Di rect i on. Ret urnVal ue) ;
crd. Paranet ers. Add(": EMPNO', Oracl eDbType. I nt32, enpno,
System Dat a. Paranet er Di rection. | nput);

crd. Execut eNonQuery();
deptno = (int)retParam Val ue;

Consol e. Wi teLine("\nEnpl oyee# {0} working in departnent# {1}\n",
enpno, deptno);

cmd. Di spose();
con. d ose();

catch (Exception e)

{
}

Consol e. Wi teLine(e. Message);

} Il dassl

} /1 CDPNETC i ent App namespace

Invoking from SQL*Plus

To invoke the Get Dept No() function .NET function from SQL* Plus:

ORACLE

1.
2.

Start SQL*Plus and log in as user scot t with the password ti ger.
Enter the following commands:

SET SERVERQUTPUT ON
DECLARE
dept no Bl NARY_| NTEGER;
BEG N
deptno := Get Dept No(7934);
DBMS_QUTPUT. PUT_LI NE( dept no) ;
END;

Alternatively, you can execute following statement:

SELECT Get Dept No( 7934) FROM DUAL;
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Data Type Conversion

ORACLE

These topics contain the following tables used to determine the correct parameter type

mappings.

* Table A-1
* Table A-2
* Table A-3
* Table A-4

Mapping of Oracle Native Data Type to .NET Framework Data Types

Table A-1 lists the supported mapping of Oracle native data types to the .NET Framework

Types.

Table A-1 Mapping of Oracle Native Data Type to .NET Framework Data Types

Oracle Native Data Type

.NET Framework Data Types

BFI LE*
Bl NARY_DOUBLE

Bl NARY_FLOAT

Bl NARY_I NTEGER

BLOB
BOOLEAN
CHAR

CLOB

DATE
FLOAT

| NTERVAL DAY TO SECOND
| NTERVAL YEAR TOMONTH

Byte[]

Byte, Byte[], Deci mal , Doubl e, fl oat,int,|nt16,Int32,
I nt 64,1 ong, SByte, short, Single,String,uint, U nt16,
Ui nt 32, Ui nt 64, ul ong, ushort

Byte, Byte[], Deci mal , Doubl e, fl oat,int,|nt16,Int32,
I nt 64,1 ong, SByte, short, Single,String,uint, U nt16,
Ui nt 32, Ui nt 64, ul ong, ushort

Byte, Byte[], Char, Deci mal , Doubl e, fl oat,int,Int16,
I nt32,1nt64,1ong, SByte, short, Single,String,uint,
Ui nt 16, Ui nt 32, Ui nt 64, ul ong, ushort

Byte[]
Not Supported

Byt e, Char, Char[], Dat eTi me, Deci mal , Doubl e, fl oat, i nt,
Int16, I nt32,1nt64,1ong, SByte, short, Single, String,
ui nt, Ui nt 16, Ui nt 32, Ui nt 64, ul ong, ushort

Byt e, Char, Char[], Dat eTi ne, Deci mal , Doubl e, fl oat , i nt,
Int16, I nt32,1nt64,1ong, SByte, short, Single, String,
ui nt, Ui nt 16, Ui nt 32, Ui nt 64, ul ong, ushort

Byte[], Char[], String, DateTi ne

Byte, Byte[], Deci nal , Doubl e, fl oat,int,|nt16,|nt32,
I nt 64,1 ong, SByte, short, Single, String,uint, U nt16,
Ui nt 32, Ui nt 64, ul ong, ushort

Byte[], Char, Char[], String, Ti meSpan

Byte, Byte[], Char, Char[],int,Int16,1nt32,1nt64,long,
short, String
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Table A-1 (Cont.) Mapping of Oracle Native Data Type to .NET Framework Data Types

Oracle Native Data Type

.NET Framework Data Types

LONG

LONG RAW

NUMBER

NVARCHAR2

PLS_| NTEGER

RAW
REAL

RON D
TI MESTAMP

TI MESTAMP W TH LOCAL TI ME
ZONE

TI MESTAMP W TH TI ME ZONE
UROW D
VARCHAR2

XM.Type

Byt e, Char, Char[], Dat eTi me, Deci mal , Doubl e, fl oat, i nt,
I nt16, I nt32,1nt64,1ong, SByte, short, Single, String,
ui nt, Ui nt 16, Ui nt 32, Ui nt 64, ul ong, ushort

Byte[]

Byt e, Char, Char[], Dat eTi me, Deci mal , Doubl e, fl oat , i nt,
Int16, I nt32,1nt64,]ong, SByte, short, Single, String,
ui nt, Ui nt 16, Ui nt 32, Ui nt 64, ul ong, ushort

Byt e, Char, Char[], Dat eTi me, Deci mal , Doubl e, fl oat, i nt,
I nt16, Int32,1nt64,1ong, SByte, short, Single, String,
ui nt, Ui nt 16, Ui nt 32, Ui nt 64, ul ong, ushort

Byte, Byte[], Char, Dat eTi ne, Deci mal , Doubl e, fl oat, i nt,
Int16, Int32,1nt64,]ong, SByte, short, Single, String,
ui nt, Ui nt 16, Ui nt 32, Ui nt 64, ul ong, ushort

Byt e, Char, Char[], Dat eTi nme, Deci mal , Doubl e, fl oat, i nt,
Int16, Int32,1nt64,1ong, SByte, short, Single, String,
ui nt, Ui nt 16, Ui nt 32, Ui nt 64, ul ong, ushort

Byte, Byte[], Char, Deci mal , Doubl e, fl oat,int, | nt 16,
I nt32,1nt64,1ong, SByte, short, Single,String,uint,
U nt 16, Ui nt 32, Ui nt 64, ul ong, ushort

Byte[]

Byte, Byte[], Deci nal , Doubl e, fl oat,int,|nt16,|nt32,
I nt 64,1 ong, SByte, short, Single, String,uint, U nt16,
Ui nt 32, Ui nt 64, ul ong, ushort

Char[], String
Byte[],Char[], String, DateTi ne
Byte[],Char[], String, DateTi ne

Byte[],Char[], String, DateTi ne
Char[], String

Byt e, Char, Char[], Dat eTi ne, Deci mal , Doubl e, f| oat , i nt,
Int16, I nt32,1nt64,1ong, SByte, short, Single, String,
ui nt, Ui nt 16, Ui nt 32, Ui nt 64, ul ong, ushort

Char[], String

Mapping of .NET Framework Data Types to Oracle Native Data Types

Table A-2 lists the supported mapping of .NET Framework Types to Oracle native data

types.
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Table A-2 Mapping of .NET Framework Data Types to Oracle Native Data Types

.NET Framework
Data Types

Oracle Native Data Type

Byte

Byte[]

Char

Char[]

Dat eTi ne

Deci mal
Doubl e
f1 oat

i nt

Int16

[ nt32

[ nt 64

| ong

SByt e

short

Single

Bl NARY_DOUBLE, Bl NARY_FLQAT, Bl NARY_| NTEGER, CHAR, CLOB, FLQOAT,
| NTERVAL YEAR TOMONTH, LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ,
PLS_| NTEGER, REAL, VARCHAR2

Bl NARY_DOUBLE, Bl NARY_FLQAT, Bl NARY_| NTEGER, BLOB, DATE, FLQOAT,
| NTERVAL YEAR TOMONTH, LONG RAW NUMBER, PLS_I NTEGER, RAW REAL,
TI MESTAWP, TI MESTAMP W THLOCAL TI ME ZONE, Tl MESTAMP W TH TI ME
ZONE

Bl NARY_| NTEGER, CHAR, CLOB, | NTERVAL DAY TO SECOND, | NTERVAL YEAR
TOMONTH, LONG, NCHAR, NCLOB, NUMBER, NVARCHAR2, PLS_| NTEGER,
VARCHARZ, XMLType

CHAR, CLOB, DATE, | NTERVAL DAY TO SECOND, | NTERVAL YEAR TOMONTH,
LONG NCHAR, NCLOB, NVARCHAR?2, ROW D, TI MESTAMP, TI MESTAMP W TH
LOCAL TI ME ZONE, TI MESTAMP W THTI ME ZONE, UROW D, VARCHAR?,

XM Type

CHAR, CLOB, DATE, LONG, NCHAR, NCLOB, NVARCHAR2, TI MESTAMP,
TI MESTAMP W THLOCAL TI ME ZONE, TI MESTAMP W THTI VE ZONE,
VARCHAR2

Bl NARY_DOUBLE, Bl NARY_FLQOAT, Bl NARY_I NTECER, CHAR,CLOB, FLOAT,
LONG, NCHAR, NCLOB, NVARCHAR2, NUMBER, PLS_| NTEGER, REAL, VARCHAR?

Bl NARY_DOUBLE, Bl NARY_FLQAT, Bl NARY_| NTEGER, CHAR, CLOB, FLOAT,
LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ, PLS_| NTEGER, REAL, VARCHAR2

Bl NARY_DOUBLE, Bl NARY_FLQAT, Bl NARY_| NTEGER, CHAR, CLOB, FLQOAT,
LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ, PLS_| NTEGER, REAL, VARCHAR2

Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY_| NTEGER, CHAR, CLOB, FLOAT,
| NTERVAL YEAR TOMONTH, LONG, NCHAR, NCLOB, NUMBER, NVARCHAR?,
PLS_| NTEGER, REAL, VARCHAR2

Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY_I NTECGER, CHAR, CLOB, FLOAT,
| NTERVAL YEAR TOMONTH, LONG, NCHAR, NCLOB, NUMBER, NVARCHAR?Z,
PLS_| NTEGER, REAL, VARCHAR?

Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY_I| NTECGER, CHAR, CLCB, FLOAT,
| NTERVAL YEAR TOMONTH, LONG, NCHAR, NCLOB, NUMBER, NVARCHAR?Z,
PLS_| NTEGER, REAL, VARCHAR?

Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY_I NTECGER, CHAR, CLCB, FLOAT,
| NTERVAL YEAR TOMONTH, LONG, NCHAR, NCLOB, NUMBER, NVARCHAR?Z,
PLS_| NTEGER, REAL, VARCHAR?

Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY_I NTECGER, CHAR, CLCB, FLOAT,
| NTERVAL YEAR TOMONTH, LONG, NCHAR, NCLCB, NUMBER, NVARCHARZ,
PLS_| NTEGER, REAL, VARCHAR?

Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY_I NTECGER, CHAR, CLCB, FLOAT,
LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ, PLS_| NTEGER, REAL, VARCHAR2

Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY_| NTEGER, CHAR, CLOB, FLOAT,
| NTERVAL YEAR TOMONTH, LONG, NCHAR, NCLCB, NUMBER, NVARCHARZ,
PLS_| NTEGER, REAL, VARCHAR2

Bl NARY_DQOUBLE, Bl NARY_FLOAT, Bl NARY_| NTEGER, CHAR, CLOB, FLOAT,
LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ, PLS_| NTEGER, REAL, VARCHAR2
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Table A-2 (Cont.) Mapping of .NET Framework Data Types to Oracle Native Data

Types

.NET Framework

Oracle Native Data Type

Data Types

String Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY | NTEGER, CHAR, CLOB, DATE,
FLOAT, | NTERVAL DAY TO SECOND, | NTERVAL YEAR TOMONTH, LONG, NCHAR,
NCLOB, NUMBER, NVARCHARZ, PLS | NTECER, REAL, ROA' D, STRI NG,
TI MESTAMP, TI MESTAMP W TH LOCAL TI ME ZONE, TI MESTAMP W THTI ME
ZONE, UROW D, VARCHAR2, XMLTYPE

Ti meSpan | NTERVAL DAY TO SECOND

ui nt Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY _| NTEGER, CHAR, CLOB, FLQAT,
LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ2, PLS | NTEGER, REAL, VARCHAR2

Ui nt 16 Bl NARY_DQOUBLE, Bl NARY_FLOAT, Bl NARY_| NTEGER, CHAR, CLOB, FLQOAT,
LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ2, PLS_| NTEGER, REAL, VARCHAR2

Ui nt 32 Bl NARY_DOUBLE, Bl NARY_FLOAT, BI NARY | NTEGER, CHAR, CLOB, FLQOAT,
LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ2, PLS_| NTEGER, REAL, VARCHAR2

Ui nt 64 Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY_| NTEGER, CHAR, CLOB, FLQOAT,
LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ, PLS_| NTEGER, REAL, VARCHAR2

ul ong Bl NARY_DOUBLE, Bl NARY_FLOAT, Bl NARY_| NTEGER, CHAR, CLOB, FLOAT,
LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ2, PLS_| NTEGER, REAL, VARCHAR2

ushort Bl NARY_DOUBLE, Bl NARY_FLOAT, BI NARY_| NTEGER, CHAR, CLOB, FLQAT,

LONG, NCHAR, NCLOB, NUMBER, NVARCHARZ, PLS_| NTEGER, REAL, VARCHAR2

Mapping of Oracle Native Data Type to ODP.NET Data Types

Table A-3 lists the supported mapping of Oracle native data types to the ODP.NET

Types.

Table A-3 Mapping of Oracle Native Data Types to ODP.NET Data Types

Oracle Native Data Type ODP.NET Type
BFI LE* OracleBFile
Bl NARY_DOUBLE O acl eDeci mal
OracleString
Bl NARY_FLQAT O acl eDeci mal

Bl NARY_I NTEGER

BLOB

BOOLEAN
CHAR
CLOB

Oracl eString

Or acl eDeci nmal
OracleString

Oracl eBinary
Oracl eBl ob

Not Supported
OracleString

Oracledob
OracleString
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Table A-3 (Cont.) Mapping of Oracle Native Data Types to ODP.NET Data Types
|

Oracle Native Data Type

ODP.NET Type

DATE

FLOAT

| NTERVAL DAY TO SECOND

| NTERVAL YEAR TOMONTH

LONG
LONG RAW
NCHAR
NCLOB

NUMBER

NVARCHAR?
PLS_| NTEGER

RAW
REAL

ROW D
TI MESTAMP

TI MESTAMP W TH LOCAL TI ME ZONE

ORACLE

O acl eDat e
OracleString
Oracl eTi neSt anp
Oracl eTi meSt anpTZ
Oracl eTi meSt anplLTZ
Or acl eDeci mal
Oracl eString
OracleString
Oracl el nterval DS
Oracl el nterval YM
OracleString
Oracl eString
Oracl eBi nary
OracleString
Oracled ob
OracleString

Or acl eDeci mal
OracleString
OracleString

O acl eDeci mal
Oracl eString
Oracl eBi nary

O acl eDeci mal
OracleString
OracleString
Oracl eDate
OracleString

O acl eTi neSt anp
Oracl eTi meSt anpTZ
Oracl eTi meSt anplLTZ
Oracl eDat e
OracleString
Oracl eTi neSt anp
Oracl eTi meSt anpTZ
O acl eTi meSt anpLTZ
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Table A-3 (Cont.) Mapping of Oracle Native Data Types to ODP.NET Data Types

Oracle Native Data Type ODP.NET Type
TI MESTAMP W THTI ME ZONE Oracl eDat e
OracleString

URON D
VARCHAR2
XM.Type

Oracl eTi meSt anp
Oracl eTi meSt anpTZ
Oracl eTi meSt anplLTZ
OracleString

Oracl eString

Oracl ed ob

Oracl eString

Oracl exm Type

Mapping of ODP.NET Data Types to Oracle Native Data Types

Table A-4 lists the supported mapping of the ODP.NET Types to the Oracle native data

types.

Table A-4 Mapping of ODP.NET Data Types to Oracle Native Data Types

ODP.NET Type Oracle Native Data Type
Oracl eBFile BFI LE *
Oracl eBinary BLOB
LONG RAW
RAW
Oracl eBl ob BLOB
Oracledob CLOB
NCLOB
XML Type
Oracl eDate DATE
TI MESTAMP

Or acl eDeci nal

Oracl el nterval DS
Oracl el nterval YM

TI MESTAMP W TH LOCAL TI ME ZONE
TI MESTAMP W TH TI ME ZONE

BI NARY_DOUBLE
BI NARY_| NTEGER
BI NARY_FLOAT
FLOAT

NUVBER

PLS_| NTEGER
REAL

| NTERVAL DAY TO SECOND
| NTERVAL YEAR TOMONTH
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Table A-4 (Cont.) Mapping of ODP.NET Data Types to Oracle Native Data Types
|

ODP.NET Type

Oracle Native Data Type

OracleString

Oracl eTi neSt anp

Oracl eTi meSt anpTZ

Oracl eTi neSt anplLTZ

Oracl eXm Type

Bl NARY_DOUBLE

Bl NARY_FLQAT

Bl NARY_| NTEGER

CHAR

CLOB

DATE

FLOAT

| NTERVAL DAY TO SECOND

| NTERVAL YEAR TOMONTH
LONG

NCHAR

NCLOB

NVARCHAR2

NUMBER

PLS_| NTEGER

REAL

RON D

STRI NG

TI MESTAMP

TI MESTAMP W TH LOCAL TI ME ZONE
TI MESTAMP W TH TI ME ZONE
UROW D

VARCHAR2

XML.Type

DATE

TI MESTAMP

TI MESTAMP W TH LOCAL TI ME ZONE
TI MESTAMP W TH TI ME ZONE

DATE

TI MESTAMP

TI MESTAMP W TH LOCAL TI ME ZONE
TI MESTAMP W THTI ME ZONE

DATE

TI MESTAMP

TI MESTAMP W TH LOCAL TI ME ZONE
TI MESTAMP W THTI ME ZONE

XM.Type

* BFILE Mapping to .NET Framework

An Oracle native BFI LE type parameter can be converted to a .NET Byt e[ ] . However,
converting a Byt e[] to an Oracle native BFI LE type is not supported. This means BFI LE

ORACLE
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to .NET Byt e[ ] conversion can be done only if the BFI LE parameter type on the
database side is an | N parameter and the corresponding parameter on the .NET
stored procedure is an | N parameter of type Byt e[ ] . For a BFI LE | NOUT, or QUT
parameter or a RETURN VALUE, the corresponding .NET stored procedure parameters
must be of type Oracl e. Dat aAccess. Types. O acl eBFi | e. Otherwise, an exception is
thrown.

PL\SQL Associative Array

PL\SQL Associative array is not supported.
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Troubleshooting Common Errors

ORACLE

This appendix discusses common errors.

Users may encounter various errors while running the PL/SQL wrapper. Causes and
recommended actions for such errors are listed below.

ORA-03113: end-of-file on communication channel
Cause: The connection between Client and Server process was broken. It may also happen
if the external agent ext pr oc crashes for some reason.

Action: There was a communication error that requires further investigation. First, check for
network problems and review the SQL*Net setup. Also, look in the al ert. | og file for any
errors. Finally, test to see whether the server process is dead and whether a trace file was
generated at failure time. There may be some system calls in the .NET function which might
terminate the process. Remove such calls.

ORA-03114: not connected to ORACLE
Cause: The connection between Client and Server process was broken. This may also
happen if the external agent ext pr oc crashes for some reason.

Action: There was a communication error which requires further investigation. First, check for
network problems and review the SQL*Net setup. Also, look in the al ert. | og file for any
errors. Finally, test to see whether the server process is dead and whether a trace file was
generated at failure time. There may be some system calls in the .NET function which might
terminate the process. Remove such calls.

ORA-20100: System.BadimageFormatException. The format of the file is invalid.
Cause: The .NET Assembly is not in the proper format.

Action: Please make sure that the .NET Assembly is built as a 64-bit assembly, and not a 32-
bit assembly.

ORA-20100: System.lO.FileNotFoundException. File or assembly name
<assemblyname>.dll, or one of its dependencies, was not found.

Cause: The .NET Assembly or one of its dependent assemblies is not available in
ORACLE_BASE\\ ORACLE_HOWME\ bi n\ cl r or in one of the subdirectories as specified during the
creation of the library object by the wizard.

Action: Copy the .NET assembly and all its dependent assemblies to ORACLE_BASE\
\ ORACLE_HOME\ bi n\ ¢l r or to one of its subdirectories as appropriate.

ORA-20100: System.MissingMethodException
Cause: M ssi nghet hodExcept i on is thrown for many possible reasons including:

e The stored procedure or function name does not match the actual stored procedure or
function name defined in the .NET assembly.

* The number, sequence, and type of parameters passed do not match the actual
parameters in the .NET stored procedure.
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Action: Check the name of the called stored procedure or function for spelling
mistakes or case mismatch (upper or lower). Check the number of parameters and
check that the type and sequence of the parameters match those of the stored
procedure or function defined in the .NET assembly.

ORA-20100: System.Reflection.TargetException. <typename> type not found
Cause: The namespace and/or the class name used in the PL/SQL wrapper is not
defined in the .NET Assembly.

Action: Check the class name for spelling mistakes or case mismatch. Check
the .NET assembly code for the type.

ORA-20100: System.Security.SecurityException
Cause: .NET stored procedure or function could not be executed with current security
level.

Action: Use the appropriate security level. For example, if the .NET stored procedure
or function requires file system access, then it should be created with EXTERNAL
security level.

ORA-28575: unable to open RPC connection to external procedure agent
Cause: Initialization of a network connection to the ext pr oc agent did not succeed.
This problem can be caused by network problems, incorrect listener configuration, or
incorrect transfer code.

Action: Check listener configuration in LI STENER. ORA and TNSNAMES. ORA, or check
Oracle Names Server. Verify that the multithreaded ext pr oc configuration entries are
correct.

ORA-28578: protocol error during callback from an external procedure
Cause: An internal protocol error occurred. This could be due to some registration
issue during creation of PL/SQL wrapper.

Action: Recreate the PL/SQL wrapper using the wizard.

PLS-00201: identifier 'DBMS_CLR' must be declared

Cause: Either Oracle Database Extensions for .NET is not installed and configured
properly or the .NET stored procedure has not been deployed correctly using the
Oracle Deployment Wizard for .NET.

Action: Use the Database Configuration Assistant to configure Oracle Database

Extensions for .NET, if it has not been installed already. Deploy the .NET stored
procedure using the Oracle Deployment Wizard for .NET.
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assembly

Assembly is the Microsoft term for the module that is created when a DLL or .EXE is
complied by a .NET compiler.

Common Language Runtime

Microsoft Common Language Runtime (CLR) is the component of the .NET framework that
allows many languages to create and develop applications using the same library.

Dynamic Link Library (DLL)
An executable file that a Windows application can load when needed.

external procedure

A function written in a third-generation language (3GL), such as C, and callable from within
PL/SQL or SQL as if it were a PL/SQL function or procedure.

implicit database session

The database session of the caller.

Microsoft .NET Framework Class Library

The Microsoft .NET Framework Class Library provides the classes for the .NET framework
model.

namespace
e .NET:

A namespace is naming device for grouping related types. More than one namespace
can be contained in an assembly.

e XML Documents:

A namespace describes a set of related element names or attributes within an XML
document.
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Oracle Net Services

The Oracle client/server communication software that offers transparent operation to
Oracle tools or databases over any type of network protocol and operating system.

PLI/SQL
Oracle's procedural language extension to SQL.

result set

The output of a SQL query, consisting of one or more rows of data.

stored function

A stored function is a PL/SQL block that Oracle stores in the database and can be
executed from an application.

stored procedure

A stored procedure is a PL/SQL block that Oracle stores in the database and can be
executed from an application.
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