








The Connection Tool

From the main Database Explorer window, you can open the Connection Tool by using the

Connect  to  a  data  source  button.  It  can  also  be  launched  by  executing  the  command

OpenSQLConnection, described in Database Connections: Establishing a Connection.

If you do not see the sample databases shown in the picture, you may need to install or restore

the example database with the DatabaseExamples` package, as described in "Using the Exam-

ple Databases".

The Connection Tool  shows all  of  the database connections that appear in configuration files

in  DatabaseResources  directories.  The  details  of  named  connections  and  their  configuration

files are described in "Database Resources". From the Connection Tool you can select a connec-

tion and edit or delete it. You can also create a new connection, as described in "New Connec-

tion Wizard".

You can use the Connect  button to open a connection to the database that was selected and

update the main Database Explorer window. You can now make queries from the database.

Querying the Database

When  you  have  connected  to  a  database,  as  described  previously,  the  Database  Explorer

shows the actual  database in the Connection  list  and the tables in a scroll  list.  The following

picture  shows  the  result  of  connecting  to  the  publisher  database.  This  contains  a  number  of

tables.  If  you  select  one  of  the  tables,  its  columns  will  be  shown,  and  you  can  select  any  of

them. A button for selecting all the columns is also provided.
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Clicking  the  Result  tab  selects  the  data  from  the  table  and  selected  columns.  Here  is  an

example.
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The  Query  page  also  has  an  Advanced  Options  button.  When  you  click  this  button,  more

options  for  forming  the  query  are  provided.  For  example,  you  can  put  various  conditions  on

columns. Here is an example where data in the TITLE_ID column must be greater than 5000.

Clicking the Result tab will run the query and display the results.

Saving Queries

When you have set  up a  query,  it  can be saved with  the Save the Query  button.  When you

click  this  button  a  Save  File  dialog  box  appears  that  includes  a  number  of  locations  in

DatabaseResources  directories.  (DatabaseResources  directories  are  described  in  "Database

Resources".)  When you launch the Database Explorer,  all  the  queries  that  have been saved

are made available and can be run.
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Exporting to Mathematica

When you have set up a query, the data can be extracted into a report in a Mathematica note-

book document. This can be used for printing or for further work in Mathematica.

To generate a report, click the Create a notebook button. Here is a sample notebook.

When the data is in Mathematica, you can process it further with all the tools that Mathematica

provides.

New Connection Wizard

The New Connection Wizard is available from the Connection Tool, which can be launched

either  from  the  Database  Explorer  (described  previously)  or  by  executing  the  command

OpenSQLConnection@D (described in "Database Connections: Establishing a Connection"). It will

create a new named connection that will be available for future uses. The information about the

connection will be written in a configuration file as described in "Database Resources".
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The wizard takes you through the following steps for creating a new connection. 

1. Overview.

2. Specify name and description.

3. Select type of database.

4. Specify URL.

5. Specify username and password.

6. Choose save location.

7. Review.

A view of the third step is shown in the following picture. In this step, the type of the database

is  selected  from  a  list.  There  is  also  a  button  for  entering  a  new  type  of  database.  The  list

includes  types  that  have  been  installed  in  the  system  as  described  in  Database  Resources:

JDBC Configuration.

Each screen of the wizard has a full description. When it has finished, a new named connection

has been created. This can be used by OpenSQLConnection and will show up in the Connection

Tool.
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Advanced Topics

Data Type Mapping

One of the most important issues for using a database is the conversion of data as it is stored

and retrieved from a database. This tutorial  will  discuss how Mathematica  expressions interact

with data stored in a database.

The following table shows the mappings between data types and Mathematica expressions. For

example, a Mathematica Integer  expression can be stored in SQL integral types such as INTE-

GER and TINYINT. In addition, if data from a column that is of type VARCHAR is selected, this

will result in a Mathematica String expression.

Mathematica expression data type

String used mostly with SQL types such as CHAR, VARCHAR, and 
LONGVARCHAR

Integer used mostly with SQL types such as INTEGER, TINYINT, 
SMALLINT, and BIGINT

Real used mostly with SQL types such as DOUBLE, FLOAT, and 
REAL

True used mostly with the SQL type BIT

False used mostly with the SQL type BIT

Null used mostly with the SQL type NULL

SQLBinary used mostly with SQL types such as BINARY, VARBINARY, 
and LONGVARBINARY

SQLDateTime used mostly with SQL types such as DATE, TIME, and 
TIMESTAMP

SQLExpr a special type of binary data that is used to store Mathemat -
ica expressions

The mapping between Mathematica expressions and data types stored in a database.

Atomic  Mathematica  expressions such as String,  Integer,  Real,  True,  False,  and Null,  and

compound  expressions  formed  from  SQLBinary,  SQLDateTime,  and  SQLExpr  are  converted  to

and  from  Java  objects.  These  Java  objects  are  then  processed  with  JDBC  operations  taking
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Atomic  Mathematica  expressions such as String,  Integer,  Real,  True,  False,  and Null,  and

compound  expressions  formed  from  SQLBinary,  SQLDateTime,  and  SQLExpr

advantage of  any encoding or  escaping functionality  that  is  provided by the JDBC driver.  It  is

typical  that  they  contain  code  specific  to  a  database  for  encoding  a  value  passed  into  or

received  from  a  query.  Since  these  drivers  are  often  implemented  by  the  makers  of  the

database, it is very advantageous to use their functionality as much as possible.

Certain  data  types  require  Mathematica  expressions  that  use  a  special  wrapper.  For  example,

the  data  type  BINARY  requires  a  Mathematica  expression  that  uses  the  wrapper  SQLBinary.

These wrappers are necessary to prevent ambiguities in the command structure.

SQLBinary

SQLBinary  can be used to work with binary data in a database. This  allows you to store data

such as images or compiled code.

If you find that the examples in this section do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

This loads DatabaseLink and connects to the demo database.

In[291]:= Needs@"DatabaseLink`"D;
conn = OpenSQLConnection@ "demo"D;

This generates a string that contains a GIF image.

In[293]:= gif = ExportString@Plot@Sin@xD, 8x, 0, 2 Pi<D, "GIF"D

Out[293]= GIF89ahÔ�Ä �����! ! ! ! ! !
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Out[293]=
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ToCharacterCode is used to create a list of bytes that represent the image. This list will also be

wrapped in SQLBinary.

In[294]:= byteData = SQLBinary@ToCharacterCode@gifDD;

This creates a table for demonstration purposes.

In[295]:= SQLCreateTable@conn, "BINTABLE",
8SQLColumn@"BINCOL", "DataTypeName" -> "BINARY"D<D

Out[295]= 0

This inserts the data into the table.

In[296]:= SQLInsert@conn, "BINTABLE", 8"BINCOL"<, 8byteData<D

Out[296]= 1

The  data  is  now  retrieved  using  SQLSelect.  Since  it  is  binary  data,  it  is  returned  as  an

SQLBinary expression.

In[297]:= data = SQLSelect@conn, "BINTABLE"D;

Then, the data is converted back into a string using FromCharacterCode. 

In[298]:= gifData = FromCharacterCode@ data@@1, 1, 1DD D;
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Finally, you can import the data and display it.

In[299]:= Show@ImportString@gifData, "GIF"DD

Out[299]=

This drops the table and closes the connection.

In[300]:= SQLDropTable@conn, "BINTABLE"D;
CloseSQLConnection@connD;

SQLDateTime

SQLDateTime  allows you to store and retrieve date and time information. It also allows you to

execute queries that depend on specific dates or times.

If you find that the examples in this section do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

This loads DatabaseLink and connects to the demo database.

In[302]:= Needs@"DatabaseLink`"D;
conn = OpenSQLConnection@ "demo"D;

You can create a table for demonstration purposes. This table contains DATE, TIME, DATETIME,

and TIMESTAMP columns.

In[304]:= SQLCreateTable@conn, "DATETIMETABLE",
8SQLColumn@"DATECOL", "DataTypeName" -> "DATE"D,
SQLColumn@"TIMECOL", "DataTypeName" -> "TIME"D,
SQLColumn@"DATETIMECOL", "DataTypeName" -> "DATETIME"D,
SQLColumn@"TIMESTAMPCOL", "DataTypeName" -> "TIMESTAMP"D<D

Out[304]= 0

Now, you can insert data into the table. You can use the output of the Mathematica DateList@D

function  for  all  data  types  except  for  the  data  type  TIME;  for  this  you  must  specify  a  list  of

three integers that specify hours, minutes and seconds. Note that DATE will  only use the date

information from DateList@D and not the time information. DATETIME and TIMESTAMP will use

both and also nanoseconds.
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In[305]:= SQLInsert@conn, "DATETIMETABLE",
8"DATECOL", "TIMECOL", "DATETIMECOL", "TIMESTAMPCOL"<,
8SQLDateTime@DateList@DD, SQLDateTime@83, 4, 5<D,
SQLDateTime@DateList@DD, SQLDateTime@DateList@DD<D

Out[305]= 1

SQLSelect  can  be  used  to  retrieve  the  data  from the  database.  The  data  will  be  returned  as

SQLDateTime expressions. 

In[306]:= SQLSelect@conn, "DATETIMETABLE"D

Out[306]= 88SQLDateTime@82006, 2, 7<D, SQLDateTime@83, 4, 5<D,
SQLDateTime@82006, 2, 7, 14, 34, 58.3855<D, SQLDateTime@82006, 2, 7, 14, 34, 58.3855<D<<

This drops the table and closes the connection.

In[307]:= SQLDropTable@conn, "DATETIMETABLE"D;
CloseSQLConnection@connD;

SQLExpr

SQLExpr can be used to store Mathematica expressions in a database. When they are retrieved,

they are converted back into Mathematica expressions. 

If you find that the examples in this section do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

This loads DatabaseLink and connects to the demo database.

In[309]:= Needs@"DatabaseLink`"D;
conn = OpenSQLConnection@ "demo"D;

In order to store a Mathematica  expression, you need to create a column that can be used to

store a string such as VARCHAR.

In[311]:= SQLCreateTable@conn, "EXPRTABLE",
8SQLColumn@"EXPRCOL", "DataTypeName" -> "VARCHAR"D<D

Out[311]= 0

This inserts a Mathematica expression into the database.

In[312]:= SQLInsert@conn, "EXPRTABLE", 8"EXPRCOL"<, 8SQLExpr@Sin@x^2DD<D

Out[312]= 1
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SQLSelect  retrieves  the  data  from  the  database.  The  data  is  returned  as  an  SQLExpr

expression.

In[313]:= data = SQLSelect@conn, "EXPRTABLE"D

Out[313]= 99SQLExprASinAx2EE==

This drops the table and closes the connection.

In[314]:= SQLDropTable@conn, "EXPRTABLE"D;
CloseSQLConnection@connD;

Result Sets

When many rows of data are returned from a database query, a significant amount of memory

may be required to hold the result. If all of the data does not need to be available at the same

time it might be preferable to get the result row by row or a few rows at a time. Rows can then

be processed individually or in small groups. This functionality is provided by the SQL result set

functions of DatabaseLink.

Basic Result Set Operations

Result  set  operations  involve  creating  a  result  set,  reading  from  it,  and  then  closing  it.  This

section discusses the basic ways to work with result sets.

If you find that the examples in this section do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

SQLResultSetOpen@queryD create an SQL result set based on query

SQLResultSetOpen@query,optsD create an SQL result set using options opts

SQLResultSetRead@rsD read a row from result set rs

SQLResultSetRead@rs,numD read num rows from result set rs

SQLResultSetClose@rsD close result set rs

Basic result set functions.

The  query  argument  to  SQLResultSetOpen  is  a  function  that  selects  data  using  either

SQLSelect or SQLExecute. Here is an example.

First,  the  DatabaseLink  package  is  loaded  and  a  connection  is  made  to  the  publisher  example

database.
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First,  the  DatabaseLink  package  is  loaded  and  a  connection  is  made  to  the  publisher  example

database.

In[316]:= << DatabaseLink`;
conn = OpenSQLConnection@"publisher"D;

You can use this connection to read eight rows from the ROYSCHED table.

In[318]:= SQLExecute@conn, "SELECT * FROM roysched", "MaxRows" Ø 8D êê TableForm

Out[318]=

BS1011 0 5000 0.1
BS1011 5001 50000 0.12
CP5018 0 2000 0.1
CP5018 2001 4000 0.12
CP5018 4001 50000 0.16
BS1001 0 1000 0.1
BS1001 1001 5000 0.12
BS1001 5001 7000 0.16

You can also obtain a result set from the same query.

In[319]:= rs = SQLResultSetOpen@SQLExecute@conn, "SELECT * FROM roysched", "MaxRows" Ø 8DD

Out[319]= SQLResultSet@0, <>, ScrollableD

SQLResultSetRead  reads from the result set and returns the rows that were read. After reading

from a  result  set,  the  next  read  will  read  the  next  row.  The  following  example  reads  a  single

row. Since the result set was just created, it reads the first row.

In[320]:= SQLResultSetRead@rsD

Out[320]= 8BS1011, 0, 5000, 0.1<

The following reads the second and third rows.

In[321]:= SQLResultSetRead@rs, 2D

Out[321]= 88BS1011, 5001, 50000, 0.12<, 8CP5018, 0, 2000, 0.1<<

By  default  SQLResultSetRead  maps  data  types  into  various  Mathematica  expressions.  How-

ever, setting the option "GetAsStrings" to True gets results as string expressions. 

In[322]:= SQLResultSetRead@rs, "GetAsStrings" Ø TrueD êê InputForm

Out[322]= {"CP5018", "2001", "4000", "0.12"}

If you want to process each row individually, you can use a construct like the following. It reads

the remaining rows and sums the last element of each row. Since there were eight rows in the

result  set  and  four  had  already  been  read,  this  operation  will  read  four  rows.  When

SQLResultSetRead  returns something that is not a list you have reached the end of the result

set.
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In[323]:= res = 0; While@ListQ@ data = SQLResultSetRead@rsDD, res += Last@dataDD;
res

Out[324]= 0.54

If  you  call  SQLResultSetRead  again  it  will  return  Null  because  the  end  of  the  result  set  has

been reached.

In[325]:= SQLResultSetRead@rsD

This closes the result set and the SQL connection.

In[326]:= SQLResultSetClose@rsD;
CloseSQLConnection@ connD;

SQLResultSet Options

SQLResultSetOpen  takes  an  option,  "Mode",  that  controls  movement  in  the  result  set  and

whether the result is sensitive to changes in the database.

First,  the  DatabaseLink  package  is  loaded  and  a  connection  is  made  to  the  publisher  example

database.

In[328]:= << DatabaseLink`;
conn = OpenSQLConnection@"publisher"D;

This opens a result set, but you can only move forwards in this result set.

In[330]:= rs = SQLResultSetOpen@
SQLExecute@conn, "SELECT * FROM roysched", "MaxRows" Ø 8D, Mode Ø "ForwardOnly"D

Out[330]= SQLResultSet@0, <>, ForwardOnlyD

setting description

"ForwardOnly" only moving forwards is possible

"ScrollInsensitive" forward and backward moving is possible and result set 
does not pick up changes to the database

"ScrollSensitive" forward and backward moving is possible and  result set 
picks up changes to the database

Settings of the Mode option of SQLResultSetOpen.

The "ForwardOnly" setting of the "Mode" option means that you can only move forwards in the

result  set  and the result  set  is  insensitive to  any changes to the database after  the result  set

has been created.

The "ScrollInsensitive" setting of the "Mode" option means that you can move forwards and

backwards  in  the  result  set  and  the  result  set  is  insensitive  to  any  changes  to  the  database

after the result set has been created.
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The "ScrollInsensitive" setting of the "Mode" option means that you can move forwards and

backwards  in  the  result  set  and  the  result  set  is  insensitive  to  any  changes  to  the  database

after the result set has been created.

The "ScrollSensitive"  setting of  the "Mode"  option means that  you can move forwards and

backwards in the result set and the result set is sensitive to any changes to the database after

the result set has been created.

You should note that not all databases support moving backwards in the result set or can detect

changes in the data.

In addition you use SetOptions  to change options of a result set after it has been created. The

following sets the direction in which it  is  expected that result  will  be retrieved from the result

set. This helps the driver to optimize retrieval of data.

In[331]:= SetOptions@rs, FetchDirection Ø "Forward"D

setting description

"FetchDirection" gives a hint as the direction in which rows will be processed

"FetchSize" gives a hint as to the number of rows that should be 
fetched from the database

SQLResultSet options.

Result Set Positions

If you find that the examples in this section do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

SQLResultSetShift@rs,numD shift current position by num in result set rs

SQLResultSetGoto@rs,numD move current position to num in result set rs

SQLResultSetPosition@rsD return current position in result set rs

SQLResultSetCurrent@rsD read the row at the current position in result set rs

Result set position functions.

A result set is created from a database query, and it can be seen as an array of the rows that

match the query. The array actually has two extra positions, one before the first row and one

after the last row. When the result set is created, its current position is before the first row.

This loads DatabaseLink and creates a result set from a query to the publisher database.

DatabaseLink User Guide     91



This loads DatabaseLink and creates a result set from a query to the publisher database.

In[332]:= << DatabaseLink`;
conn = OpenSQLConnection@"publisher"D;
rs = SQLResultSetOpen@SQLExecute@conn, "SELECT * FROM roysched", "MaxRows" Ø 8DD

Out[334]= SQLResultSet@0, <>, ScrollableD

The position is 0, which means that the current position is before the first row.

In[335]:= SQLResultSetPosition@rsD

Out[335]= 0

If  a  read  is  done  at  the  current  position,  the  result  is  Null  because  there  is  nothing  to  read

before the first row.

In[336]:= SQLResultSetCurrent@rsD

The following shifts the result set by two. The result is True, which means that there is some-

thing to read at the new position.

In[337]:= SQLResultSetShift@rs, 2D

Out[337]= True

The result set is now positioned at the second row.

In[338]:= SQLResultSetPosition@rsD

Out[338]= 2

The following reads the row at the current position.

In[339]:= SQLResultSetCurrent@rsD

Out[339]= 8BS1011, 5001, 50000, 0.12<

By  default  SQLResultSetCurrent  maps  data  types  into  various  Mathematica  expressions.

However, setting the option "GetAsStrings" to True gets results as string expressions. 

In[340]:= SQLResultSetCurrent@rs, "GetAsStrings" Ø TrueD êê InputForm

Out[340]= {"BS1011", "5001", "50000", "0.12"}

Now an absolute move is carried out to the eighth row. The result is True, which tells you there

is something to be read.

In[341]:= SQLResultSetGoto@rs, 8D

Out[341]= True
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This reads the last row in the result set.

In[342]:= SQLResultSetCurrent@rsD

Out[342]= 8BS1001, 5001, 7000, 0.16<

Now a shift of one is done and the result is False. This means that there is nothing to be read

from this position.

In[343]:= SQLResultSetShift@rs, 1D

Out[343]= False

The current position is nine, which means that the current position is after the last row.

In[344]:= SQLResultSetPosition@rsD

Out[344]= 9

If a read is done the result is Null; there is nothing to read after the last row.

In[345]:= SQLResultSetCurrent@rsD

SQLResultSetShift  can take a  negative shift.  If  the result  set  allows moving backwards,  this

will  shift  backwards.  SQLResultSetGoto  also can take negative settings,  these are interpreted

as counting from the end of  the result  set.  The following table summarizes how various argu-

ments work.

SQLResultSetShift@rs,-numD shift num positions to the left in the result set rs

SQLResultSetGoto@rs,0D move to before the first row in the result set rs

SQLResultSetGoto@rs,3D move to the third row in the result set rs

SQLResultSetGoto@rs,-2D move to the second row from the end in the result set rs

SQLResultSetGoto@rs,-1D move to last row in the result set rs

SQLResultSetGotoArs,InfinityE move to after the last row in the result set rs

Examples of result set position functions.

This closes the result set and the SQL connection.

In[346]:= SQLResultSetClose@rsD;
CloseSQLConnection@ connD;

SQLResultSetRead@rsD  can  be  seen  as  equivalent  to

SQLResultSetShift@rs, 1D; SQLResultSetCurrent@rsD.
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Advanced Result Set Operations

This section discusses advanced result set operations.

If you find that the examples in this section do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

SQLResultSetTake@rs,specD use specification spec to read from the result set rs

SQLResultSetRead@rs,-numD shift current position by num in the result set rs

SQLResultSetColumnNames@rsD return the names of the columns in the result set rs

Advanced result set functions.

This loads DatabaseLink and creates a result set from a query to the publisher database.

In[348]:= << DatabaseLink`;
conn = OpenSQLConnection@"publisher"D;
rs = SQLResultSetOpen@SQLExecute@conn, "SELECT * FROM roysched", "MaxRows" Ø 8DD

Out[350]= SQLResultSet@0, <>, ScrollableD

This shows the rows that are in the result set.

In[351]:= SQLExecute@conn, "SELECT * FROM roysched", "MaxRows" Ø 8D êê TableForm

Out[351]=

BS1011 0 5000 0.1
BS1011 5001 50000 0.12
CP5018 0 2000 0.1
CP5018 2001 4000 0.12
CP5018 4001 50000 0.16
BS1001 0 1000 0.1
BS1001 1001 5000 0.12
BS1001 5001 7000 0.16

The following gets rows two through four.

In[352]:= SQLResultSetTake@ rs, 82, 4<D

Out[352]= 88BS1011, 5001, 50000, 0.12<, 8CP5018, 0, 2000, 0.1<, 8CP5018, 2001, 4000, 0.12<<

After the read, the position is at the fourth row.

In[353]:= SQLResultSetPosition@rsD

Out[353]= 4
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SQLResultSetTake  can take from the end of the result  set.  The following reads the last three

rows of the result set.

In[354]:= SQLResultSetTake@ rs, 8-3, -1<D

Out[354]= 88BS1001, 0, 1000, 0.1<, 8BS1001, 1001, 5000, 0.12<, 8BS1001, 5001, 7000, 0.16<<

In[355]:= SQLResultSetPosition@rsD

Out[355]= 8

SQLResultSetRead  can also take a negative number.  This  means that it  shifts  one position to

the left and reads. This is repeated till the requested number has been read. The following goes

to the end of the result set and then reads the previous four rows.

In[356]:= SQLResultSetGoto@rs, InfinityD;
SQLResultSetRead@ rs, -4D

Out[357]= 88BS1001, 5001, 7000, 0.16<, 8BS1001, 1001, 5000, 0.12<,
8BS1001, 0, 1000, 0.1<, 8CP5018, 4001, 50000, 0.16<<

After the read, the current position is the last thing that was read.

In[358]:= SQLResultSetPosition@rsD

Out[358]= 5

By  default  SQLResultSetTake  maps  data  types  into  various  Mathematica  expressions.  How-

ever, setting the option "GetAsStrings" to True gets results as string expressions. 

In[359]:= SQLResultSetTake@rs, 82, 3<, "GetAsStrings" Ø TrueD êê InputForm

Out[359]= {{"BS1011", "5001", "50000", "0.12"}, {"CP5018", "0", "2000", "0.1"}}

Finally,  you  can  get  the  names  of  the  columns  in  a  result  set  by  using

SQLResultSetColumnNames.

In[360]:= SQLResultSetColumnNames@rsD

Out[360]= 88ROYSCHED, TITLE_ID<, 8ROYSCHED, LORANGE<, 8ROYSCHED, HIRANGE<, 8ROYSCHED, ROYALTY<<

This closes the result set and the SQL connection.

In[361]:= SQLResultSetClose@rsD;
CloseSQLConnection@ connD;
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Result Set Examples

This section discusses common examples of result set operations.

If you find that the examples in this section do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".
In[363]:= << DatabaseLink`;

conn = OpenSQLConnection@"publisher"D;
rs = SQLResultSetOpen@SQLExecute@conn, "SELECT * FROM roysched", "MaxRows" Ø 8DD

Out[365]= SQLResultSet@0, <>, ScrollableD

This shows the rows that are in the result set.

In[366]:= SQLExecute@conn, "SELECT * FROM roysched", "MaxRows" Ø 8D êê TableForm

Out[366]=

BS1011 0 5000 0.1
BS1011 5001 50000 0.12
CP5018 0 2000 0.1
CP5018 2001 4000 0.12
CP5018 4001 50000 0.16
BS1001 0 1000 0.1
BS1001 1001 5000 0.12
BS1001 5001 7000 0.16

One common operation is to iterate over all  the rows, operating on each of the rows one at a

time. The following example sums the last element of each row.

In[367]:= res = 0; While@ListQ@ data = SQLResultSetRead@rsDD, res += data@@-1DDD;
res

Out[368]= 0.98

The following resets the result set to the beginning.

In[369]:= SQLResultSetGoto@rs, 0D

Out[369]= False

This  example extracts every second row of  the result  set.  It  does this  by shifting and reading

the current row. The result is formed by using Reap and Sow.

In[370]:= Last@Reap@ While@SQLResultSetShift@rs, 2D, Sow@SQLResultSetCurrent@rsDDDDD

Out[370]= 888BS1011, 5001, 50000, 0.12<, 8CP5018, 2001, 4000, 0.12<,
8BS1001, 0, 1000, 0.1<, 8BS1001, 5001, 7000, 0.16<<<

This closes the result set and the SQL connection.

In[371]:= SQLResultSetClose@rsD;
CloseSQLConnection@ connD;

Performance
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Performance

Batch Operation

When large amounts of  data are being transferred between Mathematica  and a database, you

may  find  that  the  operations  are  slow.  In  this  case  it  may  be  advantageous  to  use  a  batch

operation mode. If many small operations are being repeated, this will be likely to improve the

performance. This section will demonstrate how to use batch statements. 

If you find that the examples in this section do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

This loads DatabaseLink and connects to the demo database.

In[373]:= Needs@"DatabaseLink`"D;
conn = OpenSQLConnection@ "demo"D;

This creates a simple table. The table name is BATCH with columns X and Y. The data types for

X and Y are integers. 

In[375]:= table = SQLTable@"BATCH"D;
cols = 8SQLColumn@"X", "DataTypeName" -> "Integer"D,

SQLColumn@"Y", "DataTypeName" -> "Integer"D<;
SQLCreateTable@conn, table, colsD;

This generates data to insert into the table. X will range from 1 to 10,000 and Y will range from

1 to 10, 0002. The data consists of 10,000 rows.

In[378]:= data1 = 8table, SQLArgument üü cols, SQLArgument@Ò, Ò^2D< & êü Range@10 000D;

This uses Map to execute the SQL insert 10,000 times.

In[379]:= AbsoluteTiming@
SQLExecute@conn, "INSERT INTO `1` H`2`L VALUES H`3`L", ÒD & êü data1 ;D

Out[379]= 825.6562133 Second, Null<

This demonstrates that 10,000 elements have been inserted.

In[380]:= Length@SQLSelect@conn, "BATCH"DD

Out[380]= 10000

This  uses  a  batch  mode  to  insert  the  data.  This  is  done  by  passing  a  list  of  arguments  to

SQLExecute. Each element of the list contains an SQLTable expression, an SQLArgument  expres-

sion  with  the  sequence  of  column  names,  and  an  SQLArgument  expression  with  the  pairs  of

values.
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This  uses  a  batch  mode  to  insert  the  data.  This  is  done  by  passing  a  list  of  arguments  to

SQLExecute. Each element of the list contains an SQLTable expression, an SQLArgument  expres-

sion  with  the  sequence  of  column  names,  and  an  SQLArgument  expression  with  the  pairs  of

values.

In[381]:= AbsoluteTiming@SQLExecute@conn, "INSERT INTO `1` H`2`L VALUES H`3`L", data1D;D

Out[381]= 87.0755258 Second, Null<

In[382]:= Length@SQLSelect@conn, "BATCH"DD

Out[382]= 20000

The batch operation has reduced the time by more than a factor of three. This is because it has

done the insert operation in one call rather than 10,000 smaller calls.

The new table is dropped and the connection closed.

In[383]:= SQLDropTable@conn, "BATCH"D;
CloseSQLConnection@connD;

Simplifying Substitution Patterns

Simplifying  substitution  patterns  is  another  technique  for  increasing  performance.  This  will  be

demonstrated using a table identical to the previous example. 

If you find that the examples in this section do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

This loads DatabaseLink and connects to the demo database.

In[385]:= Needs@"DatabaseLink`"D;
conn = OpenSQLConnection@ "demo"D;

This creates a simple table. The table name is BATCH with column X and Y. The data types for X

and Y are integers. 

In[387]:= table = SQLTable@"BATCH"D;
cols = 8SQLColumn@"X", "DataTypeName" -> "Integer"D,

SQLColumn@"Y", "DataTypeName" -> "Integer"D<;
SQLCreateTable@conn, table, colsD;

Since the table and columns are always the same for this call, it is faster to place them directly

into a prepared statement rather than substitute values for them each time. It is also faster to

use  a  list  for  the  values  rather  than  an  SQLArgument  expression.  This  creates  the  data  to  be

used for the test.
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use  a  list  for  the  values  rather  than  an  SQLArgument  expression.  This  creates  the  data  to  be

used for the test.

In[390]:= data2 = 8Ò, Ò^2< & êü Range@10 000D;

Now the insert operation is carried out. This has reduced the time for the operation by a factor

of more than 14.

In[391]:= AbsoluteTiming@
SQLExecute@conn, "INSERT INTO BATCH HX,YL VALUES H`1`,`2`L", data2D;D

Out[391]= 81.7381556 Second, Null<

This confirms that 10,000 inserts have been carried out.

In[392]:= Length@SQLSelect@conn, "BATCH"DD

Out[392]= 10000

A  final  performance  improvement  can  be  done  by  using  JDBC  syntax  for  substitutions.  This

limits  dynamic  values  of  the  types  of  data  that  may  be  substituted  to  only  Real,  Integer,

String,  True,  False,  Null,  SQLBinary,  and SQLDateTime.  It  also  uses  '?'  instead of  the  `1`

notation (the first parameter in the list will replace the first question mark and so on).

Now the  operation  runs  nearly  50  times  faster  than  the  original  simple  operation  of  repeated

inserts.

In[393]:= AbsoluteTiming@SQLExecute@conn, "INSERT INTO BATCH HX,YL VALUES H?,?L", data2D;D

Out[393]= 80.5451894 Second, Null<

In[394]:= Length@SQLSelect@conn, "BATCH"DD

Out[394]= 20000

The  Mathematica  command  SQLInsert  uses  this  last  technique.  When  you  pass  a  table  of

values as a parameter to SQLInsert, it uses the fastest way to insert the data.

In[395]:= AbsoluteTiming@SQLInsert@conn, "BATCH", 8"X", "Y"<, data2D;D

Out[395]= 80.5754777 Second, Null<

In[396]:= Length@SQLSelect@conn, "BATCH"DD

Out[396]= 30000

This drops the table and closes the connection.

In[397]:= SQLDropTable@conn, "BATCH"D;
CloseSQLConnection@connD;
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Result Sets

When many rows of  data  are  returned from a  database  query,  they  may require  a  significant

amount of memory to hold. For your purposes, you may not need to hold all  of the data. You

may need to use each row individually as part of a computation or you may only need to sam-

ple the rows. In cases such as these, you may find the result set functionality beneficial. This is

described in "Result Sets".

Descriptive Commands

If the database is very large, then certain descriptive commands, such as querying the number

of tables with SQLTables, can be slow. In this case, if some of the tables in the database have

been placed into catalogs, performance can be improved by using the "Catalog"  or "Schema"

options.  These  are  described  in  "Table  Structure:  Table  Description  "and"  Column  Structure:

Column Description". 

Connection Pools

Database connection pools are a common way to improve the performance of database opera-

tions. They can be useful because creating a new connection can easily take several seconds to

establish; this is a problem when the database operation is one that only needs a few millisec-

onds. DatabaseLink provides a connection pool mechanism built on top of the Apache Commons

DBCP, http://jakarta.apache.org/commons/dbcp/index.html.

Working with Connection Pools

If you find that the examples in this tutorial do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

To  create  a  connection  from  a  pool  you  can  set  the  UseConnectionPool  option  of

OpenSQLConnection. Here is an example.
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First,  the  DatabaseLink  package  is  loaded.  Then  a  connection  using  a  pool  is  made  to  the

publisher example database.

In[399]:= Needs@"DatabaseLink`"D;
conn = OpenSQLConnection@ "publisher", UseConnectionPool Ø TrueD

Out[399]= SQLConnection@publisher, 2, OpenD

Instead  of  using  the  UseConnectionPool  option,  you  could  set  the  default  value

$SQLUseConnectionPool to True. When DatabaseLink loads it is False.

In[400]:= $SQLUseConnectionPool

Out[400]= False

OpenSQLConnectionAsrc,UseConnectionPool->TrueE

connect to a data source using a connection pool

$SQLUseConnectionPool whether to always use connection pools

SQLConnectionPools@D information on all active connection pools

SQLConnectionPools@connD information on pool for connection conn

SetSQLConnectionPoolOptions@
poolD

set options for connection pool pool

SQLConnectionPoolClose@poolD close the connection pool pool

Commands for working with connection pools.

This shows all the connection pools that have been created; there is only one.

In[401]:= SQLConnectionPools@D

Out[401]= 9SQLConnectionPoolA« JavaObject@org.apache.commons.dbcp.BasicDataSourceD »,
JDBCAHSQLHStandaloneL, C:\Documents and Settings\twj.WRI\Application

Data\Mathematica\DatabaseResources\Examples\publisherE, 1,
Catalog Ø Automatic, Description Ø Connection to HSQL publisher database for demos.,
Location Ø C:\Program Files\Wolfram

Research\Mathematica\6.0_Thin\SystemFiles\Links\DatabaseLink\DatabaseResources\
publisher.m, Name Ø publisher, Password Ø None, Properties Ø 8<,

ReadOnly Ø Automatic, RelativePath Ø False, TransactionIsolationLevel Ø Automatic,
UseConnectionPool Ø True, Username Ø None, Version Ø 2.E=
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This shows the connection pool used to connect to the publisher database. You can see some of

the options that the connection pool is using.

In[402]:= pool = SQLConnectionPools@connD

Out[402]= SQLConnectionPoolA« JavaObject@org.apache.commons.dbcp.BasicDataSourceD »,
JDBCAHSQLHStandaloneL, C:\Documents and Settings\twj.WRI\Application

Data\Mathematica\DatabaseResources\Examples\publisherE, 1,
Catalog Ø Automatic, Description Ø Connection to HSQL publisher database for demos.,
Location Ø C:\Program Files\Wolfram

Research\Mathematica\6.0_Thin\SystemFiles\Links\DatabaseLink\DatabaseResources\publisher
.m, Name Ø publisher, Password Ø None, Properties Ø 8<, ReadOnly Ø Automatic,

RelativePath Ø False, TransactionIsolationLevel Ø Automatic,
UseConnectionPool Ø True, Username Ø None, Version Ø 2.E

This closes the connection pool, and it also closes any connections that the pool is using.

In[403]:= SQLConnectionPoolClose@poolD

Connection Pool Options

There  are  a  number  of  options  that  control  how  the  connection  pool  operates.  This  example

shows how to work with them.

First,  the  DatabaseLink  package  is  loaded.  Then  a  connection  using  a  pool  is  made  to  the

publisher example database.

In[404]:= Needs@"DatabaseLink`"D;
conn = OpenSQLConnection@ "publisher", UseConnectionPool Ø TrueD

Out[405]= SQLConnection@publisher, 1, OpenD

This shows all the connection pools that have been created; there is only one.

In[406]:= SQLConnectionPools@D

Out[406]= 9SQLConnectionPoolA« JavaObject@org.apache.commons.dbcp.BasicDataSourceD »,
JDBCAHSQLHStandaloneL, C:\Documents and Settings\User\Application

Data\Mathematica\DatabaseResources\Examples\publisherE, 1,
Catalog Ø Automatic, Description Ø Connection to HSQL publisher database for demos.,
Location Ø C:\Program Files\Wolfram

Research\Mathematica\6.0\SystemFiles\Links\DatabaseLink\DatabaseResources\publisher.m,
Name Ø publisher, Password Ø None, Properties Ø 8<, ReadOnly Ø Automatic,
RelativePath Ø False,
TransactionIsolationLevel Ø Automatic,
UseConnectionPool Ø True, Username Ø None, Version Ø 2.E=
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This shows the connection pool used to connect to the publisher database. You can see some of

the options that the connection pool is using.

In[407]:= SQLConnectionPools@connD

Out[407]= SQLConnectionPoolA« JavaObject@org.apache.commons.dbcp.BasicDataSourceD »,
JDBCAHSQLHStandaloneL, C:\Documents and Settings\User\Application

Data\Mathematica\DatabaseResources\Examples\publisherE, 1,
Catalog Ø Automatic, Description Ø Connection to HSQL publisher database for demos.,
Location Ø C:\Program Files\Wolfram

Research\Mathematica\6.0\SystemFiles\Links\DatabaseLink\DatabaseResources\publisher.m,
Name Ø publisher, Password Ø None, Properties Ø 8<, ReadOnly Ø Automatic,
RelativePath Ø False,
TransactionIsolationLevel Ø Automatic,
UseConnectionPool Ø True, Username Ø None, Version Ø 2.E

This sets the MaxActiveConnections option of this connection pool.

In[408]:= SetSQLConnectionPoolOptions@SQLConnectionPools@connD, MaxActiveConnections Ø 8D

Out[408]= SQLConnectionPoolA« JavaObject@org.apache.commons.dbcp.BasicDataSourceD »,
JDBCAHSQLHStandaloneL, C:\Documents and Settings\User\Application

Data\Mathematica\DatabaseResources\Examples\publisherE, 1,
Catalog Ø Automatic, Description Ø Connection to HSQL publisher database for demos.,
Location Ø C:\Program Files\Wolfram

Research\Mathematica\6.0\SystemFiles\Links\DatabaseLink\DatabaseResources\publisher.m,
Name Ø publisher, Password Ø None, Properties Ø 8<, ReadOnly Ø Automatic,
RelativePath Ø False,
TransactionIsolationLevel Ø Automatic,
UseConnectionPool Ø True, Username Ø None, Version Ø 2.E

In[409]:= CloseSQLConnection@connD

SQLConnectionPools@D information on all active connection pools

SQLConnectionPools@connD information on pool for connection conn

SetSQLConnectionPoolOptions@
poolD

set options for connection pool pool

CloseConnectionPool@poolD close the connection pool pool

Functions for working with connection pool options.

option name

"MaxActiveConnections" maximum number of connections to keep in the pool

"MinIdleConnections" minimum number of idle connections to keep in the pool

"MaxIdleConnections" maximum number of idle connections to keep in the pool

"Catalog" location of the database catalog

"ReadOnly" set the connection to be read only

"TransactionIsolationLevel" set transaction isolation for the connection

Connection pool options.

Transactions
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Transactions

Some database operations involve carrying out a sequence of database commands. For exam-

ple, information in two different tables may need to be updated. In these cases it may be very

important that if one update is carried out, the other is also. If only one is done, it may leave

the data inconsistent.  You can use database transactions to ensure that all  the operations are

carried  out.  In  addition,  you  can use  transactions  as  a  way of  backing  out  of  the  middle  of  a

sequence of operations. This tutorial will demonstrate how to use transactions. 

If you find that the examples in this tutorial do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

SQLBeginTransaction@connD begin an SQL transaction

SQLCommitTransaction@connD permanently commit an SQL transaction to the database

SQLRollbackTransaction@connD terminate an SQL transaction (do not change the database)

Functions for executing SQL transactions.

This loads DatabaseLink and connects to the demo database.

In[410]:= Needs@"DatabaseLink`"D;
conn = OpenSQLConnection@ "demo"D;

This creates a table to use for testing.

In[412]:= table = SQLTable@"TEST"D;
cols = 8SQLColumn@"X", "DataTypeName" -> "Integer"D,

SQLColumn@"Y", "DataTypeName" -> "Integer"D<;
SQLCreateTable@conn, table, colsD;
SQLInsert@conn, "TEST", 8"X", "Y"<, 85, 6<D;

This uses SQLSelect to view data in the TEST table. There is one row.

In[416]:= SQLSelect@conn, "TEST", "ShowColumnHeadings" Ø TrueD êê TableForm

Out[416]=
X Y
5 6

SQLBeginTransaction is used to start a transaction.

In[417]:= SQLBeginTransaction@connD
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Next, two different insert operations are carried out.

In[418]:= SQLInsert@conn, "TEST", 8"X", "Y"<, 861, 80<D;
SQLInsert@conn, "TEST", 8"X", "Y"<, 872, 5<D;

This shows that two rows have been inserted.

In[420]:= SQLSelect@conn, "TEST"D êê TableForm

Out[420]=
5 6
61 80
72 5

If SQLRollbackTransaction  is used, the database is returned to the point before the transac-

tion began. The two rows are no longer present.

In[421]:= SQLRollbackTransaction@connD;
SQLSelect@conn, "TEST"D êê TableForm

Out[422]= 5 6

A  transaction  is  closed  when  it  is  rolled  back.  If  any  more  transactions  are  required,  a  new

transaction must be started. Here, a new transaction is started and the two rows are reinserted.

In[423]:= SQLBeginTransaction@connD;
SQLInsert@conn, "TEST", 8"X", "Y"<, 8111, 141<D;
SQLInsert@conn, "TEST", 8"X", "Y"<, 8190, 1<D;

This uses SQLCommitTransaction to commit the data permanently.

In[426]:= SQLCommitTransaction@connD;
SQLSelect@conn, "TEST"D êê TableForm

Out[427]=
5 6
111 141
190 1

A  transaction  is  closed  when  it  is  committed.  If  any  more  transactions  are  required,  a  new

transaction must be started. In addition, once a transaction has been committed, it  cannot be

rolled back. Transactions may be split up using an SQLSavepoint; a rollback can be made to a

specific savepoint.

The following begins a transaction and inserts some data.

In[428]:= SQLBeginTransaction@connD;
SQLInsert@conn, "TEST", 8"X", "Y"<, 822, 11<D;

A savepoint is created.

In[430]:= savepoint = SQLSetSavepoint@conn, "savepoint1"D

Out[430]= SQLSavepoint@«JavaObject@org.hsqldb.jdbc.jdbcSavepointD »D
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Here some more data is inserted into the database.

In[431]:= SQLInsert@conn, "TEST", 8"X", "Y"<, 817, 22<D;
SQLSelect@conn, "TEST"D êê TableForm

Out[432]=

5 6
111 141
190 1
22 11
17 22

The transaction is rolled back to the savepoint using SQLRollbackTransaction.

In[433]:= SQLRollbackTransaction@conn, savepointD

This shows that the last insert has not taken place.

In[434]:= SQLSelect@conn, "TEST"D êê TableForm

Out[434]=

5 6
111 141
190 1
22 11

This drops the TEST table and closes the connection.

In[435]:= SQLDropTable@conn, "TEST"D;
CloseSQLConnection@connD;

Transaction Isolation

When working with database transactions with more than one concurrent user various problems

with  reading data  can occur.  These problems are  can be termed as  'dirty  reads',  'non-repeat-

able  reads',  and  'phantom  reads'.  There  are  two  types  of  solution  to  these  problems,  one

involves  setting  options  for  the  database  connection  to  isolate  transactions,  and  the  other

involves  other  checks  on  data  or  instance  by  checking  timestamps.  Each  of  these  strategies

have  advantages  and  disadvantages,  for  example,  setting  database  options  can  degrade  the

performance of the database for concurrent usage.

The actual details of these strategies are really outside the scope of this documentation. How-

ever, DatabaseLink has a number of ways to set options of the connection to help isolate transac-

tions.  This  is  done  with  the  TransactionIsolationLevel  option  of  OpenSQLConnection.  This

option can also be set for an existing connection with SetOptions.
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setting description

ReadUncommitted no isolation

ReadCommitted prevent dirty reads

RepeatableRead prevent dirty reads and non repeatable reads

Serializable prevent dirty reads, non repeatable reads, and phantom 
reads

Settings of the TransactionIsolationLevel option.

Secure Socket Layer (SSL)

Secure Socket Layer (SSL) is a protocol for providing secure transactions between servers and

clients. It uses a certificate to identify one or both ends of the transaction. It can be useful for

database  communications  to  protect  any  authentication  information,  such  as  usernames  and

passwords, as well as the actual data itself.

Some  databases  support  SSL  and  some  do  not.  To  know  if  your  database  supports  SSL,  you

need  to  study  the  documentation  for  your  database  and  work  with  the  administrator  of  the

database.  If  your  database  can  be  configured  to  use  SSL  with  JDBC,  it  should  be  possible  to

configure DatabaseLink to communicate with the database using SSL.

One database that does support SSL is MySQL, and it is possible for DatabaseLink to communi-

cate with a MySQL database using SSL. You will need to configure the database to provide SSL

communications and generate a certificate. To do this you will need to work with the administra-

tor of your database.

There are typically four stages to setting up SSL to work with a MySQL database.

1. Get a certificate of authority.

2. Generate a truststore file.

3. Configure Java to use the truststore.

4. Configure the connection to use SSL.

The administrator  of  the server should be able to provide the certificate of  authority,  suppose

this is called CA.cer.

You need to generate the truststore file. This can be done with the keytool executable that is

part  of  a  Java  Runtime  Environment  (JRE).  You  can  use  the  version  included  in  the  JRE  that

ships with Mathematica. To generate the truststore file, you would need to execute the follow-

ing in some type of shell (e.g. a command prompt on Windows).
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You need to generate the truststore file. This can be done with the keytool executable that is

part  of  a  Java  Runtime  Environment  (JRE).  You  can  use  the  version  included  in  the  JRE  that

ships with Mathematica. To generate the truststore file, you would need to execute the follow-

ing in some type of shell (e.g. a command prompt on Windows).

keytool -import -file CA.cer -keystore truststore

This will generate the file truststore.

The next stage is to modify your Java command line for J/Link to refer to the truststore file.

This can be done by adding the following settings, in which you need to give the full pathname

to the truststore file that was generated.

-Djavax.net.ssl.trustStore=c:\java-examples\truststore
-Djavax.net.ssl.trustStorePassword=keystore

If you are running Mathematica inside a web server, such as webMathematica, you will need to

add these settings to the server that launches Java by following your server documentation. If

you are running Mathematica in a stand-alone fashion, you can add the settings to the options

of Java by executing the following before you load DatabaseLink.

Needs[ "JLink`"];
SetOptions[InstallJava, JVMArguments ->"-Djavax.net.ssl.trustStore=c:\java-
examples\truststore -Djavax.net.ssl.trustStorePassword=keystore"]

Finally, you need to modify the URL that connects to the database. This can be done by placing

an extra parameter with a '?', as shown in the following.

OpenSQLConnection[ JDBC[ "com.mysql.jdbc.Driver",
"databases:1234/conn_test?useSSL=true"], "Username" -> "test"]

It  should  be  noted  that  not  all  databases  support  SSL  and  that  databases  other  than  MySQL

that do support SSL may need to be configured in a different way to work with DatabaseLink.
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Examples

Command Cache

This example shows how to use a private database to store Mathematica commands and query

the data from Java and Mathematica. 

If you find that the examples in this section do not work as shown, you may need to

install  or  restore  the  example  database  with  the  DatabaseExamples`  package,  as

described in "Using the Example Databases".

The example code is loaded from the Examples subdirectory of DatabaseLink. 

In[437]:= << DatabaseLink`Examples`CommandCache`

The command cache  allows  you to  store  Mathematica  expressions  as  typeset  box  expressions

data in a database. StoreCommand is used to store the boxes in the database.

In[438]:= StoreCommand@MakeBoxes@2 + 2DD

Out[438]= RowBox@82, +, 2<D

The data can then be retrieved from the database using CommandCache@D.

In[439]:= CommandCache@D

Out[439]= 880, SQLExpr@RowBox@82, +, 2<DD, Plus@2, 2D,
SQLBinary@871, 73, 70, 56, 57, 97, 31, 0, 17, 0, 240, 0, 0, 0, 0, 0, 255, 255, 255, 33, 249, 4,

1, 0, 0, 1, 0, 44, 0, 0, 0, 0, 31, 0, 17, 0, 0, 2, 46, 140, 143, 169, 203, 237, 15, 163,
156, 180, 42, 128, 41, 6, 140, 27, 15, 129, 96, 103, 141, 215, 98, 38, 41, 178, 6, 173,
235, 172, 91, 166, 198, 71, 42, 223, 232, 124, 94, 188, 5, 12, 10, 135, 68, 68, 1, 0, 59<D,

SQLDateTime@2004, 8, 4, 16, 57, 56.7309D<<

Several attributes of each command are stored in the database. Each command is given an ID,

generated when it is stored. The expression is stored as a string formatted with FullForm; this

allows it to be reused in Mathematica. In addition, an image of the expression is saved as well

as  the  time  at  which  the  data  was  stored.  GetCommandAttributes  can  be  used  to  get  the

attribute names. These can be used to filter the data returned.

In[440]:= GetCommandAttributes@D

Out[440]= 8ID, EXPR, FULLFORM, IMAGE, USED, *<

In[441]:= CommandCache@8"ID", "FULLFORM"<D

Out[441]= 880, Plus@2, 2D<<

The following example finds all results that contain Power.
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The following example finds all results that contain Power.

In[442]:= StoreCommand@MakeBoxes@2^2DD

Out[442]= SuperscriptBox@2, 2D

In[443]:= CommandCache@8"ID", "FULLFORM"<D

Out[443]= 880, Plus@2, 2D<, 81, Power@2, 2D<<

In[444]:= CommandCache@"Power", 8"ID", "FULLFORM"<D

Out[444]= 881, Power@2, 2D<<

A command can also be retrieved using its ID.

In[445]:= CommandCache@1D

Out[445]= 881, SQLExpr@SuperscriptBox@2, 2DD, Power@2, 2D,
SQLBinary@871, 73, 70, 56, 57, 97, 17, 0, 17, 0, 240, 0, 0, 0, 0, 0, 255, 255, 255, 33,

249, 4, 1, 0, 0, 1, 0, 44, 0, 0, 0, 0, 17, 0, 17, 0, 0, 2, 30, 140, 143, 169, 11, 235,
221, 156, 138, 50, 209, 9, 232, 181, 39, 230, 61, 85, 156, 216, 145, 165, 25, 104,
228, 151, 161, 238, 11, 187, 5, 0, 59<D, SQLDateTime@2004, 8, 4, 16, 58, 8.51198D<<

Another  feature  of  this  package  is  a  Java  GUI  you  can  use  to  browse  the  data.  It  provides

functionality for managing the data and pasting the data into a notebook.

In[446]:= CommandBrowser@D

Out[446]= Ü GUIObject Ü
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The GUI is automatically updated when new commands are added to the database.

In[447]:= DoBStoreCommandBToBoxesBExpandB a +
b

H + mL
^iFFF , 8i, 0, 10<F

Likewise, the GUI is automatically updated when commands are removed. ClearCommandCache

can be used to remove all the data in the command cache.

In[448]:= ClearCommandCache@D

Out[448]= 0

Graph Database

This example shows a database that stores material generated by Mathematica. Here the mate-

rial  involves  graphs  and  a  number  of  properties  of  these  graphs.  Even  though  the  number  of

graphs is not extremely large, generating the properties of these graphs can take a significant

amount of time. This demonstrates the value of a database for persistent storage of the results

of computations.

Using the Graph Database

To use the graph database you need to load the package. 

In[449]:= << DatabaseLink`Examples`Graphs`

The first time the package is used you will need to run the RestoreGraphDatabase command. If

you find that the examples in this section do not work as shown, you should also run this com-

mand. This command can take a long time to run, but is only necessary once.

In[450]:= RestoreGraphDatabase@D

The properties of the graphs stored in the database are given by the GraphProperties function.

In[451]:= GraphProperties@D

Out[451]= 8*, GRAPH, ORDER, EDGES, VERTEXCONNECTIVITY, EDGECONNECTIVITY, DIAMETER, GIRTH,
NUMBEROFSPANNINGTREES, SPECTRUMLENGTH, SIMPLEQ, CONNECTEDQ, BIPARTITEQ, PLANARQ, REGULARQ,
EULERIANQ, HAMILTONIANQ, TREEQ, BICONNECTEDQ, COMPLETEQ, PERFECTQ, SELFCOMPLEMENTARYQ<
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Now,  you can make a  query  from the  database.  This  is  done with  the  GraphQuery  command.

The following returns all complete graphs.

In[452]:= GraphQuery@8"COMPLETEQ" Ø True<D

Out[452]= 88ÜGraph:<10, 5, Undirected>Ü<, 8ÜGraph:<15, 6, Undirected>Ü<, 8ÜGraph:<21, 7, Undirected>Ü<<

The  format  used  for  the  graphs  is  that  provided  by  the  Combinatorica  package.  This  draws  a

picture of the graph and also returns a symbolic object that could be used for further computa-

tion by Mathematica.

The following returns the first three regular graphs.

In[453]:= GraphQuery@8"REGULARQ" Ø True<, "MaxHits" Ø 3D

Out[453]= 88ÜGraph:<5, 5, Undirected>Ü<, 8ÜGraph:<10, 5, Undirected>Ü<, 8ÜGraph:<6, 6, Undirected>Ü<<
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The  following  finds  Hamiltonian  graphs,  returning  their  diameter,  girth,  and  edge  information.

As before, a picture of the graph is also drawn.

In[454]:= GraphQuery@8"HAMILTONIANQ" Ø True<, 8"diameter", "girth", "edges"<D

Out[454]= 882, 5, 5<, 82, 3, 6<, 82, 3, 7<, 82, 3, 8<, 82, 3, 7<, 82, 3, 8<, 82, 3, 9<, 81, 3, 10<, 83, 6, 6<<

One important  aspect  of  this  example package is  that  it  shows commands that  are specific  to

the  issue  of  finding  graphs  rather  than  general  database  commands.  The  details  of  the

database interactions are all placed in the implementation.

The Graph Database Package

The graph database package provides three functions.

GraphProperties@D list all graph properties within the database

GraphQuery@8props<D search the database for graphs that match props

RestoreGraphDatabase@D restore the data in the database (can be slow)

Graph database package functions.

The  RestoreGraphDatabase  function  recomputes  all  the  data  in  the  database  and  can  take

some time to complete. Generally you do not want to run this, unless you have corrupted the

database in some way.
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Appendix

Database Reference

HSQLDB

HSQLDB  is  a  relational  database  engine  written  in  Java  that  is  bundled  with  DatabaseLink,

which also contains a JDBC driver and necessary configuration. It offers a small (about 100k),

fast database engine, which can run in a variety of ways, including server, in-process, and in-

memory modes. DatabaseLink is configured to use an in-process stand-alone mode. This makes

it  very  simple  to  run  and  use  (no  special  configuration  is  required).  However,  it  means  that

nothing else can connect to the database and only one connection to a particular database can

be made at any one time (even by multiple copies of Mathematica).

To create a new database with HSQLDB, you just need to make a connection to a database that

does not already exist,  and HSQLDB will  create it  for you. You could use the Connection Tool,

which  will  deploy  a  wizard  and  write  a  named connection.  This  is  described  in  "The  Database

Explorer:  The  Connection  Tool".  You  could  also  write  a  connection  file  and  place  this  in  a

DatabaseResources directory, as described in "Database Resources: Connection Configuration".

Finally,  you  can  use  OpenSQLConnection  as  follows.  All  of  these  issues  are  described  in

"Database Connections".

The following is a sample command that will create a new database called example.

In[455]:= conn = OpenSQLConnection@JDBC@"HSQLHStandaloneL",
ToFileName@8$UserAddOnsDirectory, "Applications", "DatabaseLink", "Examples"<,
"example"DD, "Name" Ø "manualA", "Username" Ø "sa"D

The details of the HSQLDB driver in DatabaseLink can be seen as follows.

In[456]:= Needs@"DatabaseLink`"D;
JDBCDrivers@"HSQLHStandaloneL"D

Out[457]= JDBCDriverAName Ø HSQLHStandaloneL,
Driver Ø org.hsqldb.jdbcDriver, Protocol Ø jdbc:hsqldb:file:, Version Ø 1.1,
Description Ø HSQL Database Engine HIn-Process ModeL - Version 1.8.0.0 - This mode

runs the database engine as part of your application program in the
same Java Virtual Machine. The main drawback is that it is not possible
by default to connect to the database from outside your application.,

Location Ø C:\Documents and Settings\All Users\Application
Data\Mathematica\Applications\DatabaseLink\DatabaseResources\hsqldbstandalone.mE

To  connect  to  an  HSQLDB  database  you  would  typically  give  the  filename,  username,  and

password as in the following example.
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To  connect  to  an  HSQLDB  database  you  would  typically  give  the  filename,  username,  and

password as in the following example.

In[458]:= OpenSQLConnection@ JDBC@"HSQLHStandaloneL", "file"D, "Username" -> "user",
"Password" -> "password"D

For more information, see  hsqldb.sourceforge.net/.

MySQL

The MySQL database server is an extremely popular open source database. It is used in many

different types of applications. DatabaseLink comes configured with a driver for MySQL.

If you want to create a new database for MySQL, you should contact the server administrator.

The details of the MySQL driver in DatabaseLink can be seen as follows.

In[459]:= Needs@"DatabaseLink`"D;
JDBCDrivers@"MySQLHConnectorêJL"D

Out[460]= JDBCDriverAName Ø MySQLHConnectorêJL, Driver Ø com.mysql.jdbc.Driver,
Protocol Ø jdbc:mysql:êê, Version Ø 1.1, Description Ø
MySQL using ConnectorêJ - Version 3.1.10 - This supports all known MySQL server versions.,

Location Ø C:\Documents and Settings\All Users\Application
Data\Mathematica\Applications\DatabaseLink\DatabaseResources\mysql.mE

To connect to a MySQL database you would typically set the server, database, username, and

password as in the following example.

In[461]:= OpenSQLConnection@
JDBC@"MySQLHConnectorêJL", "serverêdatabase"D, "Username" -> "user",
"Password" -> "password"D

For more information, see www.mysql.com/.

ODBC

Open  Database  Connectivity  (ODBC)  is  a  general  way  to  connect  to  SQL  databases  that  is

supported  in  a  number  of  operating  systems,  particularly  Microsoft  Windows.  DatabaseLink

comes configured with a driver for ODBC connections.

Under Windows, there is an ODBC Data Source Administrator that can be used to connect to a

variety of different databases. Database Connections: ODBC Connections shows how to connect

to a database using ODBC.
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The details of the ODBC driver in DatabaseLink can be seen as follows.

In[462]:= Needs@"DatabaseLink`"D;
JDBCDrivers@"ODBCHDSNL"D

Out[463]= JDBCDriverAName Ø ODBCHDSNL, Driver Ø sun.jdbc.odbc.JdbcOdbcDriver,
Protocol Ø jdbc:odbc:, Version Ø 1.1, Description Ø
JDBC-ODBC Bridge distributed with the Sun JVM. This driver only works on Windows.,

Location Ø C:\Documents and Settings\All Users\Application
Data\Mathematica\Applications\DatabaseLink\DatabaseResources\odbcdsn.mE

To connect to an ODBC database you would typically use a data source name as in the following

example.

In[464]:= OpenSQLConnection@ JDBC@"ODBCHDSNL", "datasource"DD

SQL Server

Support for Microsoft SQL Server is provided by the jTDS driver.

The details of the SQL Server driver in DatabaseLink can be seen as follows.

In[465]:= Needs@"DatabaseLink`"D;
JDBCDrivers@"Microsoft SQL Server HjTDSL"D

To  connect  to  a  Microsoft  SQL  Server  database  you  would  typically  set  the  server,  database,

username, and password as in the following example.

In[467]:= OpenSQLConnection@ JDBC@"Microsoft SQL Server HjTDSL", "serverêdatabase"D,
"Username" -> "user", "Password" -> "password"D

For more information, see: jtds.sourceforge.net/ an open source driver for Microsoft SQL Server

and Sybase.

Sybase

Support for Sybase is provided by the jTDS driver.

The details of the Sybase driver in DatabaseLink can be seen as follows.

In[468]:= Needs@"DatabaseLink`"D;
JDBCDrivers@"Sybase HjTDSL"D
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To  connect  to  a  Microsoft  SQL  Server  database  you  would  typically  set  the  server,  database,

username, and password as in the following example.

In[470]:= OpenSQLConnection@ JDBC@"Sybase HjTDSL", "serverêdatabase"D,
"Username" -> "user", "Password" -> "password"D

For more information, see: jtds.sourceforge.net/ an open source driver for Microsoft SQL Server

and Sybase.

Other Databases

DatabaseLink can connect to any other type of database with a JDBC driver. You can install the

driver  by  following  the  instructions  in  Database Connections:  JDBC Connections  and Database

Resources: JDBC Configuration. 

Information on how to  obtain  and install  drivers  as  well  as  configuring connection information

for a number of databases is available at www.wolfram.com/solutions/connections/database/ven -

dors.html.

JDBC

The Java Database Connectivity API: java.sun.com/products/jdbc/.

Using the Example Databases

DatabaseLink  contains  a  number of  example databases (many use HSQLDB).  These allow you

to try examples in the documentation and learn the details of working with databases in Mathe-

matica. The examples are configured to run in $UserBaseDirectory/DatabaseResources/ExÖ

amples  (they  cannot  reside  inside  the  main  Mathematica  installation  directory).  To  run  these

examples you will  need to install  them. You can do this by copying the files or by running the

command  DatabaseExamplesBuild  from  the  DatabaseLink`DatabaseExamples`  package.

This function will install the examples (if necessary) or restore them to their original state.

The following shows the location of the database examples on this computer.

In[471]:= ToFileName@ 8$UserBaseDirectory, "DatabaseResources"<, "Examples"D

Out[471]= C:\Documents and Settings\twj.WRI\Application Data\Mathematica\DatabaseResources\Examples
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DatabaseLink`DatabaseExamples` load the DatabaseExamples` package

DatabaseExamplesBuild@" "D install and restore the database examples

Using the DatabaseExamples` package.

You must run DatabaseExamplesBuild the first time you want to use the documentation, and

after  you  have  been  working  with  the  example  databases  and  want  to  restore  them  to  their

original state.

First, the package is loaded.

In[472]:= << DatabaseLink`DatabaseExamples`;

Then the examples are installed, if necessary, or restored to their original state.

In[473]:= DatabaseExamplesBuild@ D

If  you  want  to  install  the  examples  by  hand,  copy  the  Examples  directory  from  inside  the

DatabaseLink  installation  directory  (typically  this  is  $InstallationDirectory/SystemÖ

Files/Links/DatabaseLink) to $UserBaseDirectory/DatabaseResources.
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