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Chapter 8

Linking to the Database

In this chapter you will experience how straightforward it is to link your model
to a database using the point-and-click database interaction facilities of AIMMS.
In addition, the possibility of entering SQL procedures in AIMMS is also illus-
trated.

If you follow the steps in this chapter and you decide that you need to know
more about database linkage, please look at the Chapter ‘Communicating with
Databases’ in The Language Reference.

8.1 Database tables

The linkage between AIMMS and a database relies on either the ODBC (Open
DataBase Connectivity) standard, or the OLE DB standard. Almost all com-
mercial database packages support at least one of these standards, including
the MS Access database package used in this tutorial. In this tutorial we will
connect to MS Access through ODBC.

The basic building blocks of a database are database tables containing columns
and rows. One or more columns in a particular database table serve as so-
called primary key columns. The remaining columns contain data defined over
these key columns. The primary key values found in each row uniquely identify
that row. For example, the first column in Figure 8.1 is a primary key column
and identifies every row uniquely through the name of each location.

This chapter
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Figure 8.1: Contents of the table ‘Locations’

The database delivered with this tutorial contains four database tables. The
first table contains data that are applicable to both factories and distribution
centers (e.g. coordinate data and stock level data). The second table provides
data that are needed to configure the factories (e.g. production capacity and
cost data). Historical data (e.g. demand values over time) have been placed
inside the third table, and will be used to initiate the rolling horizon process.
Finally, the fourth database table contains the data that are needed to config-
ure the individual production lines (e.g. production line capacities).

8.1.1 Entering the first database table declaration

You can refer to an external database table within AiMMs by means of a data-
base table identifier declaration. As an attribute you can specify the ODBC
data source name of the database you want to access, and also the name of
the external database table from which you want to read or to which you want
to write.

To declare your first database table in AiMmMs, you should perform the follow-
ing actions:

» create a new declaration section named Database Declarations under the
Database Link section of the model tree,

» open the new declaration section,

» press the Other... button El on the toolbar,
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Chapter 8. Linking to the Database

» create a new database table identifier in this new declaration section by
selecting the database table icon 148 in the Select Type of Identifier dia-
log box, and

» specify 'LocationTable’ as its name.

An MS Access database file named ‘Softdrink Factory Planning.mdb’ has been
supplied with this tutorial. Next, you will make this database available to
AIMMS by performing the following actions:

» activate the Data source wizard in the attribute form of the database
table ‘LocationTable’,

» choose the Select File Data Source... command in the menu that pops
up,

» select the file ‘Softdrink Planning.dsn’ from the ‘Data’ subdirectory, and

» press the Save button.

Once you have created the data source, you are now ready and able to select a
table from this source. Please, execute the following simple steps:

» activate the Table name wizard,

» choose the Select Table/Query Name... command from the pop-up
menu,

» select 'Locations’, and

» press the 0K button.

If you have not worked with external databases before, it may be of interest
to look at the external database table as it appears in the database. For this
purpose, you can start MS Access, and inspect the design view of database
table Locations as shown in Figure 8.2.
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Figure 8.2: The MS Access design view of the Locations table

In general, the naming convention used inside a database table will not be  Specifying the
identical to the naming convention used for the corresponding identifiers in  mapping
AimmMs. That is why a mapping is needed to relate columns in the external attribute
database table to identifiers in AiMmMS. For example, the mapping between the

index identifier 1 in AIMMS and the column named ‘Location’ in the database

can be specified as follows:

» activate the Mapping wizard,

» select the primary key "Location” from the ‘Data Column’ drop down list
(see Figure 8.3),

» press the wizard button #lto select the index 1 as the ‘AIMMS Identifier’,

» press the Transfer button Hlto put the specified mapping into the ‘Map-
pings’ list, and

» press the OK button.
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Figure 8.3: The Mapping wizard

Please look at Figure 8.4, and complete the mapping attribute accordingly us-

ing the wizard as explained in the

é LocationTable

previous paragraph.
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Figure 8.4: Attribute form of the data table ‘Locations’

8.1.2 Entering additional database table declarations

Once you have completed your first database table declaration as described
in the previous section, you can make the remaining three external database
tables available to AiMMS. Before entering the corresponding declarations you
need to declare two additional model parameters to store the weekly demand

data read from the database.

PARAMETER:
identifier Week1yDemand
index domain : (c,w,s)

unit : hl
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PARAMETER:
identifier TotalWeeklyDemand
index domain : (w,s)
unit : hl

First declare the three additional database table identifiers FactoryTable, Cen-
terTable and ProductionLineTable in the model tree (just below the parameter
TotalWeekTyDemand). Then consider the attribute descriptions listed below. Next
fill in the three attribute forms accordingly, using the Data source wizard, the
Table name wizard, and the Mapping wizard.

DATABASE TABLE:

identifier FactoryTable
data source "Data\\Softdrink Planning.dsn"
table name "Factories"
mapping "Factory" --> f,
"UnitProductionCost" --> UnitProductionCost( f ),

"MaximumTransportCapacity" --> MaximumTransportCapacity( f )

DATABASE TABLE:

identifier CenterTable
data source "Data\\Softdrink Planning.dsn"
table name "Centers"
mapping "Center" -->c,
"Date" --> W,
"Scenario" --> s,
"Demand"  --> WeeklyDemand( c, w, s )
DATABASE TABLE:
identifier ProductionLineTable
data source "Data\\Softdrink Planning.dsn"
table name "ProductionLines"
mapping
"Factory" --> f,
"ProductionLine" --> p,
"InitialUsageCount" --> DeteriorationLevelAtStartOfCalendar( f, p ),

"InitialProductionLevel” --> ProductionLineLevelAtStartOfCalendar( f, p ),
"MaximumProductionLevel” --> MaximumProductionLineLevel( f, p ),

"MaximumUsageCount"

--> MaximumDeteriorationLevel( f, p )

Adding the
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Figure 8.5: The database section of the model tree so far

8.2 Database procedures

When transferring data from, or to, a database table, you may need more so-
phisticated control over the data link than offered by the standard database
table interface. AiMMs offers you this additional control by letting you write
and execute SQL (Structured Query Language) statements, or providing access
to stored procedures already available inside the database.

8.2.1 SQL queries

It is possible to access data values in a database that are not directly stored in
one of its database tables. Consider, for instance, the database table named
"ProductionLines” with the two primary key columns "Factory” and "Produc-
tionLine”. In this database table, there is no entry for the number of produc-
tion lines in each factory. However, this information can be obtained from the
database through the following query using SQL.

SELECT Factory, COUNT(ProductionLine) AS LineCount
FROM ProductionLines GROUP BY Factory

This query temporarily creates a new table inside the database consisting of
two columns. The first column is a primary key named ‘Factory’, while the
second column is named ‘LineCount’ and contains the required totals.

Sophisticated
control

A first SQL
query ...
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To implement this query in AIMMS, you can create your first database proce-
dure named NumberOfProductionLinesQuery. The following steps are required:

» close the declaration section named Database Declarations by double
clicking on the scroll icon ,

» press the Other... button Hlon the toolbar,

» select the database procedure from the Select Type of Node dialog
box (see Figure 8.6), and press the OK button,

» enter ‘NumberOfProductionLinesQuery’ as the name of the database pro-
cedure, and

» press the Enter key to register the name.

Q section ] I
B module

declaration section Cancel |
[PJ procedure

E external procedure

Eﬂ function

[Fa esternal function

Figure 8.6: The Select Type of Node dialog box

After opening the attribute form of the database procedure, please complete
it as shown in Figure 8.7. Note that the SQL text must be in double quotes, and
can be split over several "quoted” lines using the + operator and the appropri-
ate use of spaces to ensure that consecutive words are not run together. The
specified ‘UseResultSet’ Property attribute enables you to use the database
procedure as if it were a database table. Without this property, AIMMS does
not allow you to specify the Mapping attribute, necessary to read data. Note
that the Mapping wizard is not available for SQL queries.
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Figure 8.7: A database procedure to execute an SQL command

8.2.2 Stored procedures

In the previous subsection, you placed your own SQL query inside an AIMMS
database procedure. In this subsection, you will consider a query that already
resides inside the database, and that you can also access from within an AiMMS
database procedure.

A stored procedure can have one or more arguments, and it is straightforward
to specify these arguments in an AiMMS database procedure. In this tutorial,
however, the stored procedure named TotalDemand and AllCenters are used,
and these procedures happen not to have arguments.

To declare your second database procedure, please execute the following ac-

tions:

» insert a new database procedure in the model tree, and specify ‘“TotalDe-
mandQuery’ as its name,

» open its attribute form,

» use the Data source wizard to select ‘Softdrink Planning.dsn’ as its Data
source attribute,

» press the radio button in front of the Stored procedure attribute,

» activate the Stored procedure wizard,

» choose the Select Stored Procedure Name. .. command in the menu that

pops up,

» select ‘TotalDemand’ as the Stored procedure attribute,

v

complete the attribute form as shown in Figure 8.8, and

» close the attribute form using the Check, commit and close button .

Procedures
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... With or
without
arguments

Declaring the
database
procedures
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Figure 8.8: The completed attribute form of the database procedure TotalDe-

mandQuery

And to declare your third database procedure with ’AllCentersQuery’ as its
name, please perform similar steps as mentioned above, only this time select

’AllCenters’ as the
should look like th

,4 AllCentersQuery

Stored procedure attribute. The completed attribute form
e one in Figure 8.9).
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Figure 8.9: The completed attribute form of the database procedure Al1Cen-

tersQuery
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The part of the model tree describing the database link is shown in Figure 8.10.
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Figure 8.10: An intermediate model tree showing all database identifiers and

procedures
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