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Chapter 18

Advanced Data Management

The previous chapter discussed AIMMS’ basic case management capabilities.
These capabilities are sufficient for most projects. Understanding the ad-
vanced concepts introduced in this chapter will require a considerable time
investment on your part. These concepts are only required when data effi-
ciency and data security play a crucial role in your application.

This chapter introduces the more advanced concepts of case types, data cat-
egories and datasets. These concepts provide you with a flexible framework
to create cases containing only a subset of the data in your model, to create
data snapshots representing a particular functional aspect within a model, or
to store common data, that is shared by multiple cases, at a single location. In
addition, the chapter discusses advanced issues such as case security, AIMMS’
facilities to import and export case data or to refer to the collection of cases
and dataset from within the modeling language, and whether to use AIMMS
cases or store data in a commercial database.

18.1 Case types

A case type defines a subset of model identifiers which

m are to be stored in a case, and
m are sufficient to restore the global state of the application for a particular
purpose.

You can use case types to decrease the (physical) size of cases on disk, when
only a subset of all data is sufficient to restore the state of your model-based
application. In addition, when the successful execution of your model consists
of several phases (for data entry or for computing a (partial) solution), different
case types can be used to create cases that contain only the data necessary to
restart a particular phase of the modeling application.
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investment
required
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Chapter 18. Advanced Data Management

The Data Management Setup window is the developer tool for specifying the
collection of available case types which you think are relevant for your mod-
eling application. As illustrated in Figure 18.1, the Data Management Setup
window lets you manage a single list of case types. You can open it through

1= E]

Data Categaries
] [ernpty ]

BT Measured Values
EJ Measured & Recaonciled Yalues

Figure 18.1: The Data Management Setup window

the Tools-Data Management Setup menu, or through the Data Management
Setup button on the project toolbar.

Below the Case Types node in the Data Management Setup window you can
add new case type nodes to the list of already available case types. With each
case type, you can associate a collection of model identifiers. With any new
project AiMmMs will automatically create the case type All Identifiers, which rep-
resents the complete collection of model identifiers currently present in the
model.

To associate model identifiers with a case type you can add a list of individual
identifiers to the case type either

m by dragging the identifiers from within the model explorer onto the case
type node, or
m by modifying the properties of the case type.

After you have added identifiers to a case type, you can always view or edit
its current content in the case type Properties dialog box, as illustrated in
Figure 18.2. When you select a (named declaration) section in this dialog box,
you get the choice to implicitly or explicitly add all identifiers to the list that
are contained in this section.

Cases in AIMMS represent a global state of your application for a particular
purpose. AIMMS, therefore, only allows you to define case types for the main
project. As a consequence, when adding identifiers to a case type, you can only
add identifiers to the case type that

m are declared in the main project, or
m are part of the interface of a library included in the AiMMS project.

If your application requires that a case type also contains identifiers that are
private to a library, you can accomplish this by defining a data category for
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Figure 18.2: The case type Properties dialog box

that library containing the relevant private identifiers. Subsequently, you can
add that data category to the case type, as discussed in Section 18.2.1.

When you save a case through the Data-Save Case or Data-Save Case As menus
in the presence of multiple case types, the Save Case dialog box (illustrated
in Figure 18.3) requires that you specify a case type in addition to the name
of the case to be created. Similarly, the Load Case dialog box enables you to
select from cases of all case types, or to filter on cases of a specific case type.
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Figure 18.3: Saving a case with a specific case type
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If you do not want your end-users to select a case type themselves either when
saving or loading a case, you can preset the case type from within the AiIMMS
modeling language through the predefined element parameter CurrentDefault-
CaseType. When this element parameter has a value, AiMMSs will remove thecase
type drop-down list in the Save Case and Load Case dialog boxes, and use
the case type specified through CurrentDefaultCaseType instead. For complete
details on the parameter CurrentDefaultCaseType refer to Section 19.4.5.

18.2 Data categories and datasets

A data category is a subset of model identifiers associated with a particular
functional aspect of an application. For instance, you can create data categories
that hold all identifiers defining the problem topology, or that define a supply
and demand scenario within your application.

A dataset is a data instance associated with a particular data category, similarly
as a case is an instance of a case type. AIMMS lets you maintain multiple
datasets with a data category, each dataset representing a particular version
of the data. Thus, you can create datasets that define the problem topology
for different regions, or that hold different scenarios for supply and demand.

Data categories and datasets are in many aspects similar to case types and
cases. The major difference is that a

m case type can include one or more data categories, and, as a consequence,
m cases can be built up from multiple datasets.

Section 18.2.1 discusses in detail how you can exploit this feature.

Similarly to case types, you must specify the data categories used in your
model through the Data Management Setup tool (see also Section 18.1). Below
the Data Categories node in the Data Management Setup window you can add
a list of all the data category nodes that are necessary for your modeling appli-
cation. In addition, AIMMS allows you to create data categories for all library
projects included in your application. Figure 18.4 illustrates the list of data
categories for the example application used throughout this User’s Guide.

You must associate a list of model identifiers with every data category, which
together completely represent the particular functional aspect of the model
expressed by that data category. There are two methods for associating model
identifiers with a particular data category:

m you can simply drag a selection of identifiers from the Model Explorer
(possibly obtained through the identifier selection tool) to the data cate-
gory node, or
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Figure 18.4: Data categories in the Data Management Setup tool

m you can open the Properties dialog box of the data category, and modify
its contents in the Contents tab, as illustrated in Figure 18.5.
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Figure 18.5: Data category Properties dialog box

After you have added identifiers to a data category, you can always view its
current contents through the Properties dialog box of that data category.

For data categories associated with the main project, i.e. those listed under
the Data Categories node in the Data Management Setup window, AIMMS only
allows you to add identifiers that

m are declared in the main project, or
m are part of the interface of a library included in the AiMMS project.

This restriction ensures that a developer of a library project can change the in-
ternal implementation of the library without disrupting the case functionality
of the main application.
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If a data category is defined within a library project, you can add every iden-
tifier declared in the library to it. By including such a data category into a
case type, as described in Section 18.2.1, you can ensure that the entire inter-
nal state of library, that is necessary to continue working with the functional
aspect expressed by the data category, is saved in a case.

Whenever you have specified one or more data categories in the Data Man-
agement Setup tool, AiMmMs will automatically add a Datasets root node to the
Data Manager. Directly below the Datasets node, AiIMMs will add a node for
each data category that you have created with the Data Management Setup
tool, whether defined in the main project or in any of its included library
projects. If you have not (yet) created data categories, the Datasets node will
not be present in the Data Manager at all. Figure 18.6 illustrates an example
of the Data Manager associated with the data management configuration of
Figure 18.4.

4 Data Manager: Data Reconciliation: ;Iglil
=) Datasets
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S cases

-] Base Cases

= [J Measurements
&[] Reconciled alues

Figure 18.6: The AiMMS Data Manager

Below each of the data category nodes in the Data Manager, AIMMS allows you
to add one or more datasets associated with that data category. In addition,
AIMMS allows you to add additional folders below these nodes to provide fur-
ther structure to a collection of datasets, as illustrated in Figure 18.6. However,
unlike the collection of cases (which can be structured regardless of their case
type) datasets are always strictly separated by data category in the Data Man-
ager. Thus, you cannot move or copy datasets from one data category node to
another, as these represent an entirely different subset of identifiers.

221

Data categories
in libraries

Reflected in
Data Manager

Managing
datasets



Chapter 18. Advanced Data Management

18.2.1 Using data categories and datasets in cases

In addition to constructing a case type from model identifiers only (see Sec-
tion 18.1), AIMMS also allows you to build up a case type from one or more
data categories, or even to combine both ways of constructing a case type.
You can add a data category to a case type through the case type Properties
dialog box, as illustrated in Figure 18.7. The dialog box will let you choose both

Case Type Properties ﬂﬂ

Conterts Data Categories | Dptionsl

=T Plant Topalagy 4 |
= Measurement Setup
=

cm::5 olution Data 4

|

M I Plant Topolagy j
ok I Cancel |

Figure 18.7: Case type Properties dialog box

from data categories defined in the main project and those defined in library
projects.

With data categories in a case type, the complete collection of identifiers that
is actually stored inside a case, consists of the union of

m the list of individual identifiers added to the case type, and
m the lists of identifiers associated with all data categories that have been
added to the case type.

By default, Aimms will store the data for all identifiers included in the case
type in every case of that type.

However, when a case type contains one or more data categories, AIMMS also
allows you to create compound cases that include references to associated
datasets. As a result, AIMMS will no longer store the corresponding identi-
fier values in the case itself, but in referenced datasets instead. Thus, dataset
referencing allows the data stored in such a dataset to be shared by multiple
cases.
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Both cases and datasets are stored on disk in a data manager file (see Sec-
tion 18.6). The size of this file can be drastically reduced if you store shared
data in datasets wherever possible, and include references to these datasets in
your cases. As an example, if you have m topology datasets and n compatible
supply and demand datasets, you can easily combine these datasets to create
(input data for) m X n cases at almost no additional storage cost.

In addition to storage efficiency, the use of shared datasets between AIMMS
cases will ensure that a change to an identifier in a shared dataset in a sin-
gle case is automatically propagated to all other cases that include the same
dataset as well. This prevents you from having to go through all the individual
cases to repeatedly make the identical change.

18.3 Working with datasets

In AiMMms, all data associated with the identifiers contained in a data category
are referred to as the active dataset for that data category. If you have not yet
loaded or saved a dataset for a particular data category, the associated active
dataset is unnamed, otherwise the active dataset is named (after the name of
the last loaded or saved dataset on disk).

When you save a named active dataset, AIMMS will save it to the associated
dataset on disk by default (thus overwriting its previous contents). If an active
dataset is unnamed, or when you try to save a dataset using the Data-Save
Dataset As menu, AIMMS will open the Save Dataset dialog box illustrated in
Figure 18.8. In the Save Dataset dialog box you must select the data category

Look i I'F‘IantTopoIog_l,l j H g‘lg
| Mame | Modified |

@ Ethylene Glycol Flant
@ Ethylene Oxide Plant
@ MH3 Plant 2006-09-06 15:22:38

I arme: |NH3 Plant [updated) Save I

Figure 18.8: The Save Dataset dialog box

to be saved and enter the name of the associated dataset. Optionally, you can
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select a folder below the data category in which the dataset is to be stored.
After successfully saving a dataset through the Save Dataset dialog box, the
active dataset will become named.

Through the Data-Load Dataset menu, AIMMS allows you to load the data as-
sociated with individual datasets into your model. As with loading the data of
a case (see Section 17.2), AIMMS supports three modes of loading a dataset:

m as active,
m into active, and
m merge into active.

The actions of these modes of loading datasets are the same as for loading
cases. As with cases, AiMmMs will ask, before loading another dataset as active,
whether the data in the current active dataset must be saved.

Within the Data Manager you can get an overview of the current (named) active
case and datasets. As illustrated in Figure 18.9, AimMs will display the current
named active case and datasets in bold typeface.

4 Data Manager: Data Reconciliation.
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Figure 18.9: Active case and datasets
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18.3.1 Datasets in compound cases

Whenever a case type is (partially) composed of one or more data categories,
loading an associated compound case will affect the corresponding (named)
active datasets, whereas saving a compound case will be affected by the current
active datasets. This section will explain the fine details.

When you save a compound case, the active dataset for each included data
category determines whether the corresponding data is saved on disk in a
dataset or in the compound case itself. The following rules apply for each data
category included in the case type.

m If an active dataset is named, the corresponding data is saved on disk in
the named dataset, and a reference to the named dataset is stored in the
compound case.

m If an active dataset is unnamed, the corresponding data is saved in the
compound case itself.

If you use the Data-Save Case As menu to save a compound case, the Save
Case dialog box only lets you specify the name of the compound case itself.
If you want to store data category data in named datasets, and refer to these
in the compound case, you must explicitly save these datasets through the
Data-Save Dataset As menu before saving the case.

When you load a compound case, the included data or dataset references in
the compound case affect the active datasets after loading. The following rules
apply for each data category included in the case type.

m If the compound case contains a reference to a dataset for the data cate-
gory, then the data from that dataset is loaded, and the active dataset is
named after that dataset.

m If the compound case itself contains the data for the data category, then
the associated data is loaded from the case, and the active dataset be-
comes unnamed.

Whenever the case type and/or the data categories in that case type refer to the
same identifiers, you should be aware that the order of loading is as follows.

m First, the data stored in the compound case is loaded.
m Hereafter, the data of the included datasets are loaded using the order of
the data categories as they appear in the Data Management Setup tool.
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For all data categories not included in the compound case type, the associated
active datasets are not changed by loading the compound case. You should
note, however, that part of their data may be overwritten when the sets of
identifiers associated with both a data category and the compound case type
are overlapping.

In the Data Manager, you can modify the dataset references stored in a com-
pound case, using the Data tab in the Properties dialog box of the case, as
illustrated in Figure 18.10. Changing these dataset references is only useful if

Case Properties 21x1
Identification Data I
Caze Type: I tMeazured Values j
| Categary | Dataset Reference |
@ Measurement Setup  Loose Accuracy
@ Plant T opalogy Ethylene Oxide Plant
Femove Heference | Reference... |
ok I Cancel |

Figure 18.10: The Data tab in the case Properties dialog box

you intend to subsequently load the case using the newly specified datasets.
It has no effect on saving the compound case, since AIMMS Will always over-
write the dataset references in a compound case according to the current active
datasets, as described above.

Modifying the dataset references manually through the Properties dialog box
is particularly useful in combination with the possibility to create new cases
by simply inserting new case nodes to the Data Manager tree. Combining both
features allows you to quickly compose a large number of scenarios which all
consist of input data taken from various combinations of existing datasets.

18.4 Advanced use of the Data Manager

In addition to viewing or modifying the contents of a data category or case
type, the Properties dialog boxes for data categories and case types also let
you optionally specify a user-defined load procedure. Through such a load
procedure (which should only be needed for extraordinary case management
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tasks) you can perform any further (implied) initialization statements that are
necessary when a dataset or case has been loaded.

Each load procedure should have a single argument, an element parameter
in either the predefined set Al1Cases or AllDatasets, referring to the case or
dataset currently being loaded. The wizard used to select a load procedure
in the Properties dialog box, will automatically restrict the choices to those
procedures that match the required prototype.

The load procedure is also called upon starting a new case or dataset. In that
event, the argument of the load procedure refers to the empty element. You
can use this feature, for instance, to empty the contents of the active case or
dataset.

If you need further information on the specific data file passed to a load pro-
cedure, you can use the functions described in Section 19.4.5 to obtain such
information about a data file. Through these functions you can get informa-
tion such as the name of the data file, whether it is a case or a dataset, or any
included datasets (if the data file is a case).

If there are load procedures for both a case type and its associated data cate-
gories, then, when a case of that type has been loaded, AiMMSs will only execute
the case load procedure. If you want the dataset load procedures to be exe-
cuted as well, you should include the appropriate calls to these procedures in
the case load procedure.

18.5 Case file security

When your AiMMS-based application is used by multiple end-users, all sharing
the same data management tree, read and/or write protection of the individual
datasets and cases may become a relevant issue. AiMMS offers such protection
by allowing you to create a database of end-users (see Section 21.3), and then
letting datasets and cases be owned by individuals in this end-user database.
Whenever an AIMMS application is linked to an end-user database, users must
authenticate themselves before being able to use the application.

As explained in Section 21.3, each end-user in an AiIMMS end-user database
must be member of a particular user group. User groups can be ordered in a
hierarchical fashion. With respect to datasets and cases, AIMMS allows you to
assign different access rights to

m the owner of the dataset or case,
m members of the group associated with the dataset or case,
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m members of groups that lie hierarchically above or below the user group
associated with the dataset or case, and
m all other users.

By default, any dataset or case will be owned by the user ID and group of
the user who created it. In addition, the access rights associated with such a
dataset or case will be the default access rights of the end-user (or group of
end-users). These default access rights are assigned by the local user adminis-
trator in the end-user database (see also Section 21.4).

When you are the owner of a dataset or case it is possible to modify previously
assigned access rights to a case. You can perform this task through the Access
tab of the Properties dialog box of the dataset or case in the Data Manager,
which will only be present if an end-user database is linked to your application.
In the Access tab, displayed in Figure 18.11, you can modify the associated

Identificationl Data  Access |

— Owner
User: |John ﬂ
Group: |F'Iant Operators ﬂ
—&ccess Right:
Read Wiite
User v v
Group v r
Higher Group v v
Lz Bl o r Adrniniztrator
Other v 'l ¥ Rights
ok I Cancel

Figure 18.11: Access rights of a dataset or case

user ID and group that own the data file, as well as the access rights for each
of the access categories listed above.

Normally, AiMMs will only allow you to modify the access rights of the datasets
and cases that you yourself own. You can override this by checking the Ad-
ministrator Rights check box displayed in Figure 18.11. This will pop up a
password dialog box requesting the administrator password associated with
the end-user database. If successful, you can modify the access rights of any
dataset or case as if you were its owner.
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18.6 Data manager files

By default, AiMmMmS stores all cases and datasets associated with a particular
modeling project in a single data manager file within the project directory.
AIMMS allows you, however, to create or open another data manager file. This
makes it possible that the cases and datasets of all end-users of your project
be stored in a common data file.

You can select another data manager file by means of the File-Open-Data File
menu. Alternatively, you can create a new data manager file through the File-
New-Data File menu. For every project, AIMMS remembers the last data man-
ager file opened during an AiMMS session, and will reopen with the same data
manager file at the beginning of a new session. Alternatively, you can indicate
the data manager file with which you want to open a project as a command line
argument in AiMMS. The complete list of AiIMMS’ command line arguments is
provided in Section 20.1.

When your modeling application is linked to an end-user database, any newly
created data manager file will also automatically be associated with that end-
user database. When you try to select another data manager file, AiMmms will
only allow this if the current end-user database of the application coincides
with the end-user database associated with the selected data manager file.

The Import and Export facilities in the AiMmMs Data Manager allow you to
transfer a collection of datasets and cases stored in the case tree to a new data
manager file, and vice versa. The import and export facilities let you easily
create a backup of your data onto a floppy, and offer you a means of sending
a single scenario to an interested colleague.

Through the Export facility AiIMMS can export the selected cases and datasets
in the data manager to a new data manager file. If any of the selected cases
contains references to datasets which you have not explicitly selected, such
datasets will be exported as well. This ensures that any exported case will
refer to exactly the same data, when imported by another user. The newly
created data manager file is associated with the same end-user database as the
currently open data manager file, and the exported cases and datasets have
the same owner and access rights as before.

Through the Import facility AiMmMSs allows you to import all cases and datasets
within a given data manager file into the current case tree. If a certain import
case or dataset already exists in the case tree in which it is imported, you have
the choice of overwriting the existing entry or creating a new node. AIMMS
will always create a new node if you do not have permission to overwrite an
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existing node in the case tree. When AIMMS creates a new node for an existing
entry, the name of the existing node is prefixed with the string ’Imported’,
followed by a number if there are more than one imported copies. Any existing
entry that is overwritten will keep its current owner and access rights, while
newly created cases and datasets will have the same owner and access rights
as stored in the import file.

18.7 Accessing the case tree from within the model

When your modeling application depends on the use of multiple case types
and/or data categories, performing data management in a consistent manner
may be a task that is too involved for a casual end-user. In such cases, AIMMS
allows you to setup a custom data management system yourself. From within
the AiMMS language, you have access to the contents of the AIMMS case and
dataset tree, as well as to all functionality for loading, saving and creating
datasets and cases available through the standard end-user menus. This en-
ables you to shield your end-users from choices which may be too involved
for them to understand, and ensure that every created case is built up in a
consistent manner.

After you created a customized data management system, you may want to
restrict the end-user capabilities in the Data Manager on a task-by-task basis to
prevent them from making inadvertent mistakes. You can accomplish this by
modifying the appropriate options in the Properties dialog box of a case type
or data category and in the global AiMmMs Options dialog box. For instance,
AIMMS allows you to completely hide datasets within the Data Manager if you
want your case management scheme to depend on datasets, but do not want to
bother your users. Modifying global AiMMS options is explained in full detail
in Section 22.1.

All data categories, datasets and cases in an application are accessible in the
A1mMS language through a number of predefined sets and parameters. They
are:

m the set AllDataCategories, containing the names of all data categories
defined in the data manager setup window,

m the set Al1CaseTypes, containing the names of all case types defined in
the data manager setup window,

m the integer set A11DataFiles, representing all datasets and cases available
with a particular project,

m the set Al1Datasets, a subset of Al1DataFiTes, representing the collection
of all datasets available in the project,

m the set Al1Cases, a subset of Al1DataFiles, representing the set of all
cases available for the project,

230

Custom data
management

Restricting
end-user
capabilities

Predefined
model
identifiers



Chapter 18. Advanced Data Management

m the indexed element parameter CurrentDataset in AllDatasets and de-
fined over Al1DataCategories containing the currently active datasets,

m the scalar element parameter CurrentCase in Al1Cases, and

m the scalar element parameter CurrentDefaultCaseType in Al1CaseTypes.

In addition to the collection of predefined identifiers described above, AIMMS
offers a complete range of data management related interface functions which
you can call from within your model to perform data management tasks. These
functions are described in Section 19.4.5. They allow you to perform tasks
such as:

m obtaining additional information about the data categories, datasets and
cases contained in one of the predefined sets described above, as avail-
able within the Data Manager,

m invoking functionality from the Data Manager’s end-user menus,

m invoking functionality from the end-user Data menu.

By combining the above, it is possible to guide your end-users through the
process of selecting datasets for all data categories involved in a particular
case, providing additional information as you see fit. Alternatively, if a case
has a known and fixed structure, AimMms allows you to build it up within the
language without any user interaction.

18.8 The case tree versus databases

The features discussed in the previous section may have lead you to believe
that you can use the AIMMS case tree as a database to store data owned and
shared by multiple users. While this is true in principle, there are situations
where the use of a true database is preferable over using the AIMMS case tree.
This section discusses the issues which you should take into consideration
before making a choice.

AIMMS cases are tailored to store the contents of one or more identifiers in
your model quickly and easily. Therefore, storing and retrieving data through
AIMMS case files is much faster than accessing the same data from a database
server. In addition, setting up a link with a database is much more involved,
as you need to specify a READ or WRITE statement for every individual table in
the database. The increased speed of data retrieval from and to case files may
be essential to gain end-user acceptance of your application.
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The focus when storing data in a database is inherently different from storing
data in an AiMMS case tree. Whereas the object of a database is to store and
maintain a single version of a particular table to be shared by several applica-
tions, the AIMMS case tree is specifically set up to be able to easily maintain
and switch between multiple versions of the data associated with a particular
set of identifiers within a single model. This AimmMs feature allows you to eas-
ily perform a what-if analysis by running your model with different scenarios
stored as separate case files. In addition, AiMmMs allows you to simultaneously
view identifier values from multiple case files within a single graphical object.

A1mMS will ensure that any read or write action on a data file will not interfere
with another user accessing the same data file at the same time. However, since
AIMMS copies the data from a data file into memory, there is no guarantee
that the data in the data file remains synchronized with changes made to the
case file by other users. Whenever such synchronization is essential in your
application, you are advised to use database technology.

Although the use of cases and datasets is the fastest and most convenient
way to store and retrieve internal AIMMS data, it is not suitable for storage
of data which the AiMMS application shares with other applications. When
your AIMMS application needs input data produced by another application, or
when the results of your model are input to other programs, you are strongly
advised to store the data in a database.
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