ODBC Connectivity

by Brian Ripley
Department of Statistics, University of Oxford
ripley@stats.ox.ac.uk

December 12, 2024

Package RODBC implements ODBC database connectivity. It was originally written by
Michael Lapsley (St George’s Medical School, University of London) in the early days of R
(1999), but after he disappeared in 2002, it was rescued and since much extended by Brian
Ripley. Version 1.0-1 was released in January 2003, and RODBC is nowadays a mature
and much-used platform for interfacing R to database systems.

Thanks to Marc Schwartz for contributing some of the experiences here. See also the
archives of the R-sig-db mailing list.

1 ODBC Concepts

ODBC aims to provide a common API for access to SQL!-based database management
systems (DBMSs) such as MySQL?, PostgreSQL, Microsoft Access and SQL Server, DB2,
Oracle and SQLite. It originated on Windows in the early 1990s, but ODBC driver man-
agers unix0DBC and i0DBC are nowadays available on a wide range of platforms (and i0DBC
is used by macOS. The connection to the particular DBMS needs an ODBC' driver: these
may come with the DBMS or the ODBC driver manager or be provided separately by
the DBMS developers, and there are third-party® developers such as Actual Technologies,
Easysoft and OpenLink. (This means that for some DBMSs there are several different
ODBC drivers available, and they can behave differently.)

Microsoft provides drivers on Windows for non-SQL database systems such as DBase and
FoxPro, and even for flat files and Excel spreadsheets. Actual Technologies sell a driver for
macOS that covers (some) Excel spreadsheets and flat files.

A connection to a specific database is called a Data Source Name or DSN (see https:
//en.wikipedia.org/wiki/Database_Source_Name). See Appendix B for how to set up
DSNss on your system. One of the greatest advantages of ODBC is that it is a cross-platform
client-server design, so it is common to run R on a personal computer and access data on a
remote server whose OS may not even be known to the end user. This does rely on suitable

1SQL is a language for querying and managing data in databases—see https://en.wikipedia.org/
wiki/SQL.

2and its fork, MariaDB

3but there are close links between unix0DBC and Easysoft, and i0DBC and OpenLink.
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ODBC drivers being available on the client: they are for the major cross-platform DBMSs,
and some vendors provide ‘bridge’ drivers, so that for example a ‘bridge’ ODBC driver is
run on a Linux client and talks to the Access ODBC driver on a remote Windows machine.

ODBC provides an abstraction that papers over many of the differences between DBMSs.
That abstraction has developed over the years, and RODBC works with ODBC version 3.
This number describes both the API (most drivers nowadays work with API 3.51 or 3.52)
and capabilities. The latter allow ODBC drivers to implement newer features partially or
not at all, so some drivers are much more capable than others: in the main RODBC works
with basic features. ODBC is a superset of the ISO/IEC 9075-3:1995 SQL/CLI standard.

A somewhat biased overview of ODBC on Unix-alikes can be found at https://www.
easysoft.com/developer/interfaces/odbc/linux.html.

2 Basic Usage

Two groups of functions are provided in RODBC. The mainly internal odbc* commands
implement low-level access to C-level ODBC functions with similar* names. The sqlx*
functions operate at a higher level to read, save, copy and manipulate data between data
frames and SQL tables. The two low-level functions which are commonly used make or
break a connection.

2.1 Making a connection

ODBC works by setting up a connection or channel from the client (here RODBC) to the
DBMSs as specified in the DSN. Such connections are normally used throughout a session,
but should be closed explicitly at the end of the session—however RODBC will clear up
after you if you forget (with a warning that might not be seen in a GUI environment).
There can be many simultaneous connections.

The simplest way to make a connection is

library (RODBC)
ch <- odbcConnect("some dsn")

and when you are done with it,

close(ch)
# or if you prefer
odbcClose(ch)

The connection object ch is how you specify one of potentially many open connections,
and is the first argument to all other RODBC functions. If you forget the details, printing
it will give some summary information.

If the DBMS user and password are needed and not stored in the DSN, they can be supplied
by e.g.

ch <- odbcConnect("some dsn", uid = "user", pwd = "**¥¥m)

4in most cases with prefix SQL replacing odbc.
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Users of the R GUI under Windows® have another possibility: if an incompletely specified
DSN is given, the driver-specific Data Source dialog box will pop up to allow it to be
completed.

More flexibility is available via function odbcDriverConnect, which works with a connec-
tion string. At its simplest it is

"DSN=dsn ; UID=uid ; PWD=pwd"

but it can be constructed without a DSN by specifying a driver directly wvia DRIVER=,

and more (in some cases many more) driver-specific parameters can be given. See the
documentation for the driver (and Appendix A) for more details.

2.2 Reading from a database

where ‘database’ can be interpreted very widely, including for example Excel spreadsheets
and directories of flat files.

The simplest and most common use of RODBC is to extract data from databases held on
central database servers. Such access is read-only, and this can be enforced by settings in
the DSN or via permission settings (also known as privileges) on the database.

To find out what tables are accessible from a connection ch, use

sqlTables(ch)

Some drivers will return all visible table-like objects, not just those owned by you. In that
case you may want to restrict the scope by e.g.

sqlTables(ch, tableType = "TABLE")
sqlTables(ch, schema = "some pattern")
sqlTables(ch, tableName = "some pattern")

The details are driver-specific but in most cases some pattern can use wildcards® with
underscore matching a single character and percent matching zero or more characters. Since
underscore is a valid character in a table name it can be handled literally by preceding it
by a backslash—but it is rarely necessary to do so.

A table can be retrieved as a data frame by
res <- sqlFetch(ch, "table name")
If it has many rows it can be retrieved in sections by

res <- sqlFetch(ch, "table name", max = m)
res <- sqlFetchMore(ch, "table name", max = m)

It is often necessary to reduce the data to be transferred: we have seen how to subset rows,
but it can be more effective to restrict the columns or to return only rows meeting some
conditions. To find out what columns are available, use sqlColumns, for example

5This does not work from Rterm.exe.
Sthese are the SQL wildcards used for example in LIKE clauses.



> sqlColumns(ch, "USArrests")
TABLE_CAT TABLE_SCHEM TABLE_NAME COLUMN_NAME DATA_TYPE TYPE_NAME COLUMN_SIZE

1 ripley <NA> USArrests State 12 varchar 255
2 ripley <NA> USArrests Murder 8 double 15
3 ripley <NA> USArrests Assault 4 integer 10
4 ripley <NA> USArrests UrbanPop 4 integer 10
5 ripley <NA> USArrests Rape 8 double 15

Then an SQL Query can be used to return part of the table, for example (MySQL on
Linux)
> sqlQuery(sh, paste("SELECT State, Murder FROM USArrests",

+ "WHERE Rape > 30 ORDER BY Murder"))
State Murder

1 Colorado 7.9
2 Arizona 8.1
3 California 9.0
4 Alaska 10.0
5 New Mexico 11.4
6 Michigan 12.1
7 Nevada 12.2
8 Florida 15.4

Note that although there are standards for SQL, all the major producers of DBMSs have
their own dialects, so for example on the Oracle and DB2 systems we tested this query had
to be given as

> sqlQuery(ch, paste('SELECT "State", "Murder" FROM "USArrests"',
+ '"WHERE "Rape" > 30 ORDER BY "Murder"'))

or even in upper case. Describing how to extract data from databases is the forte of the
SQL language, and doing so efficiently is the aim of many of the DBMSs, so this is a very
powerful tool. To learn SQL it is best to find a tutorial specific to the dialect you will
use; for example Chapter 3 of the MySQL manual is a tutorial. A basic tutorial which
covers some common dialects” can be found at http://www.1keydata.com/sql/sql.html:
tutorials on how to perform common tasks in several commonly used DBMSs are available
at http://sqlzoo.net/.

2.3 Table Names

SQL-92 expects both table and column names to be alphanumeric plus underscore, and
RODBC does not in general support vendor extensions (for example Access allows spaces).
There are some system-specific quoting schemes: Access and Excel allow table names to be
enclosed in [ ] in SQL queries, MySQL (by default) quotes via backticks, and most other
systems use the ANSI SQL standard of double quotes.

The odbcConnnect function allows the specification of the quoting rules for names RODBC
itself sends, but sensible defaults® are selected. Users do need to be aware of the quoting
issue when writing queries for sqlQuery themselves.

"MySQL, Oracle and Microsoft SQL Server.
8backticks for MySQL, [ ] for the Access and Excel convenience wrappers, otherwise ANSI double
quotes.
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Note the underscore is a wildcard character in table names for some of the functions, and
so may need to be escaped (by backslash) at times.

Normally table names containing a period are interpreted as references to another
schema (see below): this can be suppressed by opening the connection with argument
interpretDot = FALSE.

2.4 Types of table

The details are somewhat DBMS-specific, but ‘tables’ usually means ‘tables, views or sim-
ilar objects’.

In some systems ‘tables’ are physical objects (files) that actually store data—Mimer calls
these base tables. For these other ‘tables’ can be derived that present information to the
user, usually called ‘views’. The principal distinctions between a (base) table and a view
are

e Using DROP on a table removes the data, whereas using it on a view merely removes
the convenient access to a representation of the data.

e The access permission (privilege) of a view can be very different from those of a table:
this is commonly used to hide sensitive information.

A view can contain a subset of the information available in a single table or combine
information from two or more tables.

Further, some DBMSs distinguish between tables and views generated by ordinary users
and system tables used by the DBMS itself. Where present, this distinction is reflected in
the result of sqlTable() calls.

Some DBMSs support synonyms and/or aliases which are simply alternative names for an
existing table/view /synonym, often those in other schemas (see below).

Typically tables, views, synonyms and aliases share a name space and so must have a name
that is unique (in the enclosing schema where schemas are implemented).

3 Writing to a Database

To create or update a table in a database some more details need to be considered. For
some systems, all table and column names need to be lower case (e.g. PostgreSQL, MySQL
on Windows) or upper case (e.g. some versions of Oracle). To make this a little easier, the
odbcConnect function allows a remapping of table names to be specified, and this happens
by default for DBMSs where remapping is known to be needed.

The main tool to create a table is sqlSave. It is safest to use this after having removed
any existing table of the same name, which can be done by

sqlDrop(ch, "table name", errors = FALSE)
Then in the simplest usage

sqlSave(ch, some data_frame)



creates a new table whose name is the name of the data frame (remapped to upper or
lower case as needed) and with first column rownames the row names of the data frame,
and remaining columns the columns of the data frame (with names remapped as necessary).
For the many options, see the help page.

sqlSave works well when asked to write integer, numeric and reasonable-length? character
strings to the database. It needs some help with other types of columns in mapping to
the DBMS-specific types of column. For some drivers it can do a good job with date and
date-time columns; in others it needs some hints (and e.g. for Oracle dates are stored as
date-times). The files in the RODBC/tests directory in the sources and the installed file
tests.R provide some examples. One of the options is the fast argument: the default is
fast = TRUE which transfers data in binary format: the alternative is fast = FALSE which
transfer data as character strings a row at a time—this is slower but can work better with
some drivers (and worse with others).

The other main tool for writing is sqlUpdate which is used to change rows in an existing
table. Note that RODBC only does this in a simple fashion, and on up-market DBMSs it
may be better to set cursors and use direct SQL queries, or at least to control transactions
by calls to odbcSetAutoCommit and odbcEndTran. The basic operation of sqlUpdate is to
take a data frame with the same column names (up to remapping) as some or all of the
columns of an existing table: the values in the data frame are then used either to replace
entries or to create new rows in the table.

Rows in a DBMS table are in principle unordered and so cannot be referred to by number:
the sometimes tricky question is to know what rows are to replaced. We can help the
process by giving one or more index columns whose values must match: for a data frame
the row names are often a good choice. If no index argument is supplied, a suitable set of
columns is chosen based on the properties of the table.

3.1 Primary keys and indices

When a table is created (or afterwards) it can be given additional information to enable it
to be used effectively or efficiently.

Primary keys are one (usually) or more columns that provide a reliable way to reference
rows in the table: values of the primary key must be unique and not NULL (SQL parlance
for ‘missing’). Primary keys in one table are also used as foreign keys in another table:
this ensure that e.g. values of customer_id only take values which are included in the
primary key column of that name in table customers. Support of foreign keys is patchy:
some DBMSs (e.g, MySQL prior to 6.0) accept specifications but ignore them.

RODBC allows primary keys to be set as part of the sqlSave () function when it creates a
table: otherwise they can be set by sqlQuery() in DBMS-specific ways (usually by ALTER
TABLE).

Columns in a table can be declared as UNIQUE: primary keys and such columns are usually

9which of course depends on the DBMS. Almost all have an implementation of varchar that allows up
to 255 bytes or characters, and some have much larger limits. Calling sqlTypeInfo will tell you about the
data type limits.



used as the basis for table indices, but other indices (sometimes called secondary indices)
can be declared by a CREATE INDEX SQL command. Whether adding primary keys or other
indices has any effect on performance depends on the DBMS and the query.

4 Data types

This can be confusing: R has data types (including character, double, integer and
various classes including Date and POSIXct), ODBC has both C and SQL data types, the
SQL standards have data types and so do the various DBMSs and they all have different
names and different usages of the same names.

Double- and single-precision numeric values and 32- and 16-bit integers (only) are trans-
ferred as binary values, and all other types as character strings. However, unless as.is
= TRUE, sqlGetResults (used by all the higher-level functions to return a data frame)
converts character data to a date/date-time class or via type.convert.

You can find out the DBMS names for the data types used in the columns of a table
by a call to sqlColumns, and further information is given on those types in the result of
sqlTypeInfo. For example in MySQL,

TABLE_CAT TABLE_SCHEM TABLE_NAME COLUMN_NAME DATA_TYPE TYPE_NAME COLUMN_SIZE

1 ripley <NA> USArrests State 12 varchar 255

2 ripley <NA> USArrests Murder 8 double 15

3 ripley <NA> USArrests Assault 4  integer 10

4 ripley <NA> USArrests UrbanPop 4  integer 10

5 ripley <NA> USArrests Rape 8 double 15
BUFFER_LENGTH DECIMAL_DIGITS NUM_PREC_RADIX NULLABLE REMARKS COLUMN_DEF

1 255 NA NA 0 "

2 8 NA NA 1 <NA>

3 4 0 10 1 <NA>

4 4 0 10 1 <NA>

5 8 NA NA 1 <NA>
SQL_DATA_TYPE SQL_DATETIME_SUB CHAR_OCTET_LENGTH ORDINAL_POSITION IS_NULLABLE

1 12 NA 255 1 NO

2 8 NA NA 2 YES

3 4 NA NA 3 YES

4 4 NA NA 4 YES

5 8 NA NA 5 YES

This gives the DBMS data by name and by number (twice, once the number used in the
DBMS and once that used by SQL—they agree here). Other things of interest here are the
column size, which gives the maximum size of the character representation, and the two
columns about ‘nullable’ which indicate if the column is allowed to contain missing values
(SQL NULLS).

The result of sqlTypeInfo has 19 columns and in the version of MySQL used here, 52
types. We show a small subset of the more common types:

> sqlTypeInfo(channel) [<...>, c(1:3,7,16)]
TYPE_NAME DATA_TYPE COLUMN_SIZE NULLABLE SQL_DATATYPE

1 bit -7 1 1 -7
2 tinyint -6 3 1 -6
6 bigint -5 19 1 -5
18 text -1 65535 1 -1
19 mediumtext -1 16777215 1 -1
20 longtext -1 2147483647 1 -1
22 char 1 255 1 1
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$ cat /etc/odbcinst.ini

[MySQL]

Description = 0DBC 3.51.26 for MySQL
Driver = /usr/1ib64/libmyodbc3.so
FileUsage =1

[MySQL ODBC 5.1 Driver]
Description = 0DBC 5.1.05 for MySQL

Driver = /usr/1lib64/libmyodbc5. so
UsageCount =1

[PostgresSQL]

Description = 0DBC for PostgreSQL
Driver = /usr/1ib64/psqlodbc.so
FileUsage =1

[sqlite3]

Description = sqliteodbc

Driver = /usr/local/lib64/libsqlite3odbc.so
Setup = /usr/local/1ib64/libsqlite3odbc.so
FileUsage = 1

Figure 1: A system ODBC driver file from a x86_64 Fedora 10 Linux system using
unixODBC.

Specifying ODBC drivers

The next step is to specify the ODBC drivers to be used for specific DBMSs. On Windows
installing the drivers will register them automatically. This might happen as part of the
installation on other systems, but usually does not.

Both unix0DBC and iODBC store information on drivers in configuration files, normally
system-wide in /etc/odbcinst.ini and per-user in ~/.odbcinst.ini. However, the sys-
tem location can vary, and on systems with unix0DBC can be found by at the Unix command
line by one of

$ odbcinst -j
$ odbc_config --odbcinstini

For i0DBC use iodbc_config: on macOS the system location used by Apple was
/Library/0DBC/odbcinst.ini.

The format can be seen from figure 1. (unixODBC allows Driver64 here to allow for
different paths on 32-bit and 64-bit platforms sharing a file system.) The MySQL and
PostgreSQL drivers were installed from the Fedora RPMs mysql-connector-odbc and
postgresql-odbc, and also from the mysql-connector-odbc RPM in the MySQL distri-
bution (which inserted the entry in the driver file).

The MySQL manual gives detailed information (including screenshots) of installing its
drivers and setting up DSNs that may also be informative to users of other DBMSs.
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B Specifying DSNs

The ODBC driver managers have ‘User DSNs’ and ‘System DSNs’: these differ only in
where the information is stored, the first on a per-user basis and the second for all users of
the system.

Windows has a GUI'® to set up DSNs, called something like ‘Data Sources (ODBC)’ under
‘Administrative Tools’ in the Control Panel. You can add, remove and edit (‘configure’)
DSNs there (see figure 2). When adding a DSN, first select the ODBC driver and then
complete the driver-specific dialog box. There will usually be an option to test the DSN
and it is wise to do so.

If Rgui is to be used on Windows, incomplete DSNs can be created and the dialog box will
be brought up for completion when odbcConnect is called—this can be helpful to avoid
storing passwords in the Windows Registry or to allow alternate users or databases. On
that platform, calling odbcDriverConnect() with no arguments will bring up the main
ODBC Data Sources dialog box to allow a DSN to be constructed on the fly.

macOS prior to 10.6 came with a very similar GUI (figure 3) found at Applications /
Utilities / ODBC Administrator. This has been available as a download from https://
support.apple.com/kb/DL895. Another GUI for macOS is available from http://www.
odbcmanager .net/index. php.

On Unix-alikes DSNs can also be specified in files (and the graphical tools just manip-
ulate these files). The system-wide file is usually /etc/odbc.ini and the per-user file!”
~/.odbc.ini. Some examples of the format are shown figure 5.

What fields are supported is driver-specific (and it can be hard to find documentation).
There is no clear distinction between fields that specify the driver and those which specify
the DSN; so any parts of the driver specification which might differ between connections
can be used in the DSN file.

Things that are often set here are if the connection is read-only (test_pg is not readonly)
and the character encoding to be used.

Command-line programs isql (unix0DBC) and iodbctest (iODBC) can be used to test a
DSN that has been created manually in a file. The formats are

$ isql -v dsn db_username db_ password
$ iodbctest

Both give a command-line SQL interface: use quit to terminate.

18Extra care is needed on a 64-bit version of Windows, as this GUI shows only 64-bit settings for ODBC,
including drivers and DSNs. If you are running 32-bit R (and hence 32-bit ODBC) on 64-bit Windows, you
need the 32-bit version of the GUI at something like c:\Windows\SysWOW64\odbcad32.exe — and beware
that both 32- and 64-bit versions are called odbcad32.exe.

17~ /Library/0DBC/odbc . ini on Mac OS X.
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Figure 2: (Top) The main Data Sources (ODBC) dialog box from a Windows XP system.
(Bottom) The dialog box to select a driver that comes up when the Add button is clicked.
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(Bottom) A page of the dialog box to specify a DSN for the Actual Technologies Ac-
cess/Excel driver.
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[test_mysql]

Description = test MySQL
Driver = MySQL
Trace = No

Server = localhost
Port = 3306
Database = test

[test_mysql5]

Description = myodbcbh

Driver = MySQL ODBC 5.1 Driver
Server = gannet

Port = 3306

Database = ripley
[test_pg]l

Description = test PostgreSQL
Driver = PostgreSQL
Trace = No

TraceFile =

ServerName = localhost
UserName = ripley

Port = 5432

Socket =

Database = testdb

ReadOnly =0

[test_sqlite3]

Description = test SQLite3
Driver = sqlite3
Database = /tmp/mysqlite3.db

Figure 5: A personal (7/.odbc.ini) file from a Fedora 10 Linux system using unix0DBC.
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C Internals

The appendix is in part an aide memoire for the maintainer, but may interest the curious
user.

RODBC connection objects are an integer with several attributes: they are numbered
consecutively in the current session. For example

> channel <- odbcConnect("test")
> unclass(channel)

[1] 1
attr(,"connection.string")
[1] "DATABASE=ripley;DESCRIPTION=myodbc ;DSN=test ;0PTION=0;PORT=3306;SERVER=localhost;"
attr(,"handle_ptr")
<pointer: 0x233e6c0>
attr(,"case")

[1] "nochange"

attr(,"id")

[1] 11371
attr(,"believeNRows")

[1] TRUE

attr(,"colQuote")

[1] n>n

attr(,"tabQuote")

[1] »°n

attr(,"encoding")

[1] v
attr(,"rows_at_time")

[1] 100

attr(,"isMySQL")

[1] FALSE

Most of the attributes record the arguments of odbcDriverConnect. The
"connection.string" attribute is as returned by SQLDriverConnect and list driver-
specific parameters separated (and perhaps terminated) by a semicolon. The "id" attribute
is a random integer used for integrity checks (and in particular to reject connection ob-
jects should they be saved and restored in a different session). The "isMySQL" attribute is
used both to select the default quote character and the interpretation of qualifier.table
names.

The main structure of the connection is kept as a C struct, a pointer to which is passed
around as the R external pointer "handle_ptr". This has a finalizer that will close the
connection when there is no longer an R object referring to it (including at the end of
the R session), with a warning unless the connection has already been closed by close or
odbcClose. In addition, a C-level table keeps the pointers of the first 1000 connections of
an R session, to enable odbcCloseAll to close them.

The struct is currently defined as

typedef struct rodbcHandle {

SQLHDBC hDbc; /* connection handle */

SQLHSTMT hStmt; /* statement handle */

SQLLEN nRows; /* number of rows and columns in result set */
SQLSMALLINT nColumns;

int channel; /* as stored on the R-level object */

int id; /* ditto */

int useNRows; /* value of believeNRows */

/* entries used to bind data for result sets and updates */
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