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I.	 Introduction

SPATIAL On-Line Analytical Processing(SOLAP)and Spatial Data 
Warehouses (SDWs) are decision support technologies that allow 

spatial and multidimensional analysis of multisource data. Basing on the 
multidimensional model, these technologies allow a multidimensional 
representation of data in hypercubes (datacubes). The hypercubes are 
essentially based on facts and dimensions concepts. The facts tables are 
analysis subjects which are described by numerical, textual or spatial 
measures. The dimensions define the analyzing axis. They can be 
organized in hierarchies of several levels. This allows the visualization 
of the measures at different levels of detail.

The data quality in the spatial hypercubes is important since this 
data is used as a basis for decision-making. In fact, poor data quality 
could lead to poor decision making. Without considering data quality 
in spatial hypercubes, it may provide unreliable results. As a result, 
integrity constraints (ICs) become very important to improve the 
logical consistency of any database, which increase data quality.

In transactional spatial databases, spatial integrity constraints are 
defined along the database conceptual models to preserve spatial data 
quality[1], [2]. However, in analytical process other kind of integrity 
constraints must be considered for maintaining consistent analysis 
using the hypercube. It is related to the manner of navigating and 
querying data with consideration of aggregation rules, hierarchies and 
other concepts of the multidimensional models.

In the database community, some research works study integrity 

constraints for non-spatial datacubes [3], [4]. However, for studying 
integrity constraints for spatial datacube, its specific characteristic 
related especially to spatial data features should be considered. 
Therefore, the objective of this paper is to propose a system for the 
implementation of user integrity constraints in SOLAP namely “UIC-
SOLAP”. It takes into account fundamental considerations about 
users querying and aggregating in spatial OLAP. In addition, other 
data integrity constraints are implemented in order to obtain efficient 
analysis within the decision-making process.

Section 2 reviews a state of the art related to quality management 
in SDW and SOLAP in one hand. In the other hand, some researches 
in the field of forestry management are cited. In Section 3 our 
contribution is stated. Section 4 discusses the integrity constraints 
from spatial databases to spatial datacubes. In Section 5 the proposed 
system namely “UIC-SOLAP” for user integrity constraints in SOLAP 
is depicted while the process adopted by it, is presented in Section 
6. Section 7 explains the case study related to an implementation of 
Spatial Data Warehouse for forest management. In Section 8, obtained 
results are discussed related to the application of the “UIC-SOLAP” 
system with SOLAP prototype developed for forestry management. 
Finally, Section 9 concludes and draws more research directions for the 
implementation of the integrity constraints and data quality in spatial 
hypercubes.

II.	 State of the Art

Quality management in SDW and SOLAP systems is an important 
research issue. Indeed, precision in SDW was addressed in [5] and 
[6] which provide logic models and an indexing technique for storing 
and querying vague spatial data. 
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In [7] authors have studied the problem of completeness in classical 
DW. They proposed solution taking into account missing values in 
hierarchies. Inconsistencies which refer to the existence of logical 
contradictions in SDW can be also controlled by ICs. As mentioned 
in [8], ICs expression on conceptual models is essential for taking 
into account all quality rules. For this aim, [9] proposes ad-hoc 
multidimensional conceptual models allowing the expression of some 
data ICs using logic predicates. In [10], authors propose an extension of 
the Entity-Relationship (ER) model for the design of spatio-temporal 
data warehouses. They define a set of ad hoc pictograms to express 
ICs on spatial data (topological relations between spatial members). 
Authors in [11] propose a UML profile for DWs, but they consider only 
a very small number of data ICs. Aggregation problems are presented in 
[12] by defining simple schema constraints with UML multiplicities. In 
[13], the author concludes that several languages for the specification 
of ICs in spatial databases have been proposed but they are not efficient 
for defining ICs in spatial hypercubes. Indeed, the author presents a 
formal language for the specification of integrity constraints in the 
conceptual model of spatial hypercubes. This language is based on 
controlled natural languages as well as natural hybrid languages with 
pictograms. In [14], authors study complex structural aggregation 
constraints. Basing on a UML(Unified Modeling Language)  model, [8] 
shows that the Spatial OCL (Object Constraints Language) which is an 
OCL extension for spatial data, allows the definition of a large number 
of ICs on spatial data. Data modeling languages can express only a very 
limited number of integrity constraints as for example the cardinalities 
of the relations between classes of objects. For the expression of IC, 
Many works use non-standard languages, namely logical, natural, 
visual or hybrid. Others prefer OCL because it integrates easily with 
UML. Therefore, it is necessary to use languages dedicated for the 
ICs specification that are interoperable with the language of definition 
of the data structures. In [15], the author presents a method for the 
conceptual modeling of the SOLAP ICs after having introduced the 
main concepts on which this method is based namely the UML profiles 
and Spatial OCL. 

In the field of natural resources specifically in the forest 
management and preserving, researches published are relevant 
for consideration in forest environments as well as in social and 
economic anxieties.  In [16], the author implements a participatory 
decision making in forest planning. Also, authors in [17], propose 
a Decision Support for forest management.  Authors in [18] treat 
the problem of forest land use policies. In [19], authors integrate 
multiple criteria decision analysis in participatory forest planning. 
Authors in [20] propose a participatory multi-criteria assessment of 
forest planning policies in conflicting situations. An empirical study 
on voting power in participatory forest planning is proposed in [21]. 
For forest protection, authors in [22], propose software for forest fire 
detection and extinction.

III.	Contribution

In forestry, we notice the complexity of effective management of 
natural areas for ecological, economic and social purposes. Indeed, 
the use of SOLAP application for decision-making allows analyzing 
this domain in various axes of reflection. However, different kinds 
of heterogeneity may exist between the data sources (remote 
sensing, GIS applications … etc.). As a result, several problems of 
inconsistency may emerge. In most studies, the discussed problems 
are related to the heterogeneity of manipulated data. So, few studies 
have addressed issues related to the end users when decision-making 
is related to many sub-domains. 

We notice also, that, the same territory is usually, under the 
control of several actors with different anxieties namely territorial 

management, exploiting of forest products and even local 
collectivities with social anxieties. However, the use of SOLAP tool 
by different actors independently allows them to extract decisional 
indicators which are heterogeneous. In fact, different user’s ICs will 
generate unsteadiness in the whole decision system.

To the best of our knowledge, no study has treated the formulation 
of users ICs when using a hypercube with multiple facts tables. 
Indeed, defining multiple user-defined ICs may generate semantic 
inconsistencies which affect the analytical quality of such a system. 

The main objective of the current study is to propose a system for 
the implementation of user integrity constraints in SOLAP namely 
“UIC-SOLAP”. 

Our proposal integrates all defined Integrity Constraints which are 
related to the users of SOLAP system along different stages. Indeed, 
properties of objects in spatial data sources may be adjusted according 
to every kind of final user. Also, we must verify user queries and 
aggregations when requesting the SOLAP by the user.  

In addition, Integrity Constraints must be defined to respect 
particular information of a user, so that only concerned data is 
accessible. These are concerned by the respect of Integrity Constraints 
and they are all integrated in our proposal namely “UIC-SOLAP”.

Secondary objectives are also achieved in this paper. Indeed, we 
propose a classification of ICs related to the users of SOLAP systems. 
After that, we propose a multidimensional model for forest spatial 
data warehouse (SDW). For this aim, we propose a UML profile 
which allows considering the main properties of spatial and Multi 
Dimensional (MD) modeling. We integrate also, users ICs definition 
with formalization of users profiles for specifying visualization ICs 
according to their preferences. Also, we define inter-facts ICs within 
the same hypercube. Indeed, unlike the traditional OLAP world, 
Unified Dimensional Model (UDM), the model for data in Microsoft 
SQL Server Analysis Services (SSAS), allows to have multiple fact 
tables within a cube [23]. 

Then, we propose the exploitation of the UML profile to support 
“constellation schema” of the forestry Spatial Data Warehouse 
(SDW).  This will help to build a hypercube with several fact tables 
related to subjects of analysis in forestry management. 

Finally, we test our proposal using data concerning forest areas of 
Mostaganem in Algeria to apply our methodology for verifying the 
user’s integrity constraints in such a system.

IV.	Integrity Constraints from Spatial Databases to 
Spatial Datacubes

Spatial Data Warehouses (SDWs) integrate, organize in a 
multidimensional way and store very large volumes of spatial and 
non-spatial data from multiple sources to support the decision-making 
process within an organization [24]. 

Spatial OLAP (SOLAP) systems are a category of software tools 
that allow interactive exploration based on a spatio-multidimensional 
approach at several levels of detail of the SDW [25]. They extend 
and enrich the OLAP systems by new concepts and operators which 
allow effectuating spatial analyzes. Consequently, they allow the 
visualization of the results of analytical queries in the form of tables, 
charts and maps.

SOLAP systems are based on data stored in SDWs. As a result, 
SOLAP analysis quality includes spatial data quality which is the 
characteristic that distinguishes spatial datacubes from traditional ones.

Here, we must take into account the internal quality defined by its 
geometric and semantic accuracy; and the external quality which is 
related to the user needs or quality in the context of use.
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In the Spatial Databases, [26] classifies spatial ICs into three 
categories: 

1.	 Topological ICs which include all geometric properties and 
relationships on data; 

2.	 Semantic ICs which concern the meaning of geographical features 
and 

3.	 User-defined ICs which are business rules in spatial databases.
However, in [13], the author notes some limitations when trying to 

apply these ICs to real applications.
In the Temporal Databases, a formal classification for temporal 

ICs is introduced in[27]. Indeed, ICs are categorized according to the 
transaction time (when a fact is stored in the database), valid time 
(when a fact was true in the reality), and both.

In the Spatiotemporal Databases static and transition ICs is integrated 
in[26] with the categories of spatial ICs. Here, other temporal ICs are 
involved. They restrict the possible lifecycle of objects like the IC that 
specifies the period of applicability of a rule.

The quality of SOLAP decision-making depends on the quality of 
the data stored and on the way in which the data is explored. Integrity 
constraints (ICs) are defined in [28] as assertions, typically defined in 
the conceptual model of an application, that are aimed at preventing the 
appearance of incorrect data in a database. In SOLAP system context, 
IC can be used for:

1.	 identifying erroneous data stored, 
2.	 identifying incorrect analytical queries and 
3.	 defining correct aggregation rules.

In analytical processing, a multidimensional model is based on 
concepts like dimension, hierarchy, level, member, fact, and measure. 
As a result, an integrity constraint specification must hold specific 
semantics supporting these concepts. Hence, it is more efficient to 
express spatial multidimensional integrity constraints referring to 
multidimensional elements. At the conceptual level, SDW ICs define 
conditions that data, metadata or analytical expressions are expected 
to satisfy. In [8], authors see that the definition of ICs at a conceptual 
level makes it possible to consider quality problems in the early stages 
of development. Indeed, they propose two new classifications of SDW 
ICs: (1) a classification oriented SDW concepts (Fact, Dimension, 
Aggregation, etc.) and (2) an implementation-oriented classification. 
The first category categorizes ICs according to the multidimensional 
elements that these ICs imply. The second group categorizes ICs 
following the implementation levels in the SOLAP architecture. 
Indeed, the conceptual expression of any IC depends on the concerned 
SDW concepts; when its physical translation depends on the SOLAP 
tier where it is implemented. In fact, he reveals that ICs can be specified 
using OCL and Spatial OCL at the conceptual level. However, Spatial 
OCL and UML do not allow specifying all IC proposed in that 
classification. This is related especially to metadata IC, the aggregation 
ICs specific to an application field and also visualization ICs. The 
author in [15], proposes an extension of the precedent classification 
by introducing a new class related to “Query ICs”. This aims to avoid 
misinterpretations of the results as shown in Fig. 1.

Fig. 1.  Classification of SOLAP ICs.

However, the solution can be by adding in the UML profile:
1.	 more tagged values representing the main metadata, 
2.	 more stereotypes allowing users to define their own aggregation 

ICs and also, 
3.	 formalization of user profile for specifying visualization ICs 

according to their preferences.

A.	New facts ICs in Constellation Schema
According to [13], a hyper-cell consists of a pair (L, MS) where L is 

a finite set of dimension levels and MS is a finite set of measures of a 
hypercube schema. The author classifies fact ICs into three categories. 
Indeed, a fact can be defined for one fact of a hyper-cell (f-lnter0), for 
several facts of the same hyper-cell (f-lnter1), and for several facts of 
several hyper-cells (f-lnter2) as shown in Fig. 2.

Fig. 2. Categories of fact ICs. 

In this classification, the author considers ICs facts of one or several 
hyper-cells corresponding to the same facts table.

In our proposal, we consider new ICs for measures in several facts 
tables within the same hypercube as shown in Fig. 3. This situation can 
occurs when considering a constellation schema of a hypercube with 
several fact tables. In our case study, these fact tables are related to 
subjects of analysis in forestry management.

Fig. 3. Inter-fact ICs within a hypercube.

B.	Users ICs in SOLAP
ICs related to the users of SOLAP system are numerous. In our 

proposal, when we use a hypercube with a constellation schema with 
several users, we classify these ICs into four categories as shown 
in Fig. 4. This classification may not to be exhaustive but we have 
focused on these parts that we consider directly linked to the user of 
such a system.
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Fig. 4. Users ICs in SOLAP.

1)	Users ICs related to Spatial Data
Integrity constraints apply to the database, a set of states that are 

valid by virtue of properties of objects that need to be stored according 
to every kind of final user of SOLAP system. 

Geometric properties relationships of spatial data are related to 
«topological», «metric» and «ordering» relationships [30]. Here, 
semantic ICs concern the meaning of geographical features. The user 
can define integrity constraints which allow database consistency to be 
maintained according to his need [26].

After definition of the integrity constraints, we need to check if they 
are consistent. Indeed, before checking if a database satisfies a set of 
spatial semantic constraints, we need to make sure that the constraints 
themselves must not to be in conflict [31].

For example, a user rule must be activated to locate oil station at a 
given distance from the forest. That must not be in contradictory with 
another user-defined IC.

2)	Users ICs related to SOLAP Exploitation Policy
At the modeling stage, the UML profile may be enriched with a 

stereotype called “UserProfile”, which allows specifying constraints 
depending on particular information of a user or a group of users [32]. 
As a result, we customize information depending on the characteristics 
of the user that is requesting that information.

The Fig. 5. illustrates user ICs for an example of secure 
multidimensional modeling adapted from [32]. It shows a part of the 
Secure Model, named ‘Hospital’ which is based on a typical health-care 
system. In this example authors notice the following considerations 
related to the user of the system:
•	 Patients may access their own information as patients.
•	 deny access to data of patients who have been treated before the 

date of initial contract.
•	 deny access to admission information to users whose working area 

is different than the area of a particular admission instance.

Fig. 5. Example of user ICs adapted from [32].

3)	Users ICs related to SOLAP Querying
A SOLAP query is a combination of measures and members 

of different dimensions. A querying IC verifies the validity of this 
combination that may be effectuated by any user.

For example, it does not make sense to request geographic 
distribution of silviculturals effectuated by “Mostaganem” forest 
administration “conservation”, in 1985 in “Zemoura” forest. 

Here, according to the multidimensional model represented with a 
constellation schema proposed in Fig. 10, we have an analytical query 
which combines:
•	 Fact table: [“silviculturals”].
•	 SpatialMeasure: [“localisation”].
•	 Spatial aggregation level: [forest= “Zemoura”].
•	 Spatialaggregation level: [conservation= “Mostaganem”].
•	 Timedimension: [year=“1985”].

The result will demonstrate that there is no silvicultural activities; 
while, according to the administrative division after February, 1984, 
“Zemoura” forest became under the direction of another conservation 
namely “Relizane” (western of Algeria).This can produce unreliable 
decision. So a query integrity constraint is able to prohibit this 
combination of parameters.

4)	Users ICs related to Aggregations
The author in [15] has implemented aggregation ICs in the UML 

profile to avoid the implementation of semantically and structurally 
incorrect models of SDW.

For example, in order to force the user not to aggregate non-additive 
measures using the aggregate function “sum”, the author defines the 
OCL statement which  forbids this as shown in Fig. 6.

Fig. 6. Example of IC related to aggregations.

Generally, this kind of aggregation rules is valuable for every user. 
However, any user need to use a limit number of measures related to 
a specific facts table with group of dimension levels. Hence, we can 
attach the aggregation rules to the “UserProfile” stereotype defined in 
Case Study section.

V.	 The Proposed System for User Integrity Constraints 
in SOLAP “UIC-SOLAP”

In the current study we propose a system namely “UIC-SOLAP” for 
checking integrity constraints which regulate the interactions between 
the user and the SOLAP process as shown in Fig. 7. 

This system integrates all defined Integrity Constraints which are 
related to the users of SOLAP system along different stages of the 
latter. Indeed, in data sources which can be spatially referenced data, 
properties of objects may need to be stored according to every kind of 
final user.

In the interaction with SOLAP Server, the user uses combination of 
measures and members in analytical queries and he uses aggregation 
rules. These are concerned by the respect of Integrity Constraints.

Also, when using the user-interface of a SOLAP application, 
Integrity Constraints must be defined to respect particular information 
of a user, so that only concerned data is accessible.
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Fig. 7. “UIC-SOLAP” User Integrity Constraints in SOLAP.

VI.	The Process Adopted by “UIC-SOLAP

Throughout the SOLAP building and using, the process adopted 
by the proposed system namely “UIC-SOLAP”, can be described as 
following:
•	 Firstly, the users can make different assertions in the spatial 

database according to their needs. Along this task, we must take 
care that these assertions are not in conflict between them.

•	 Secondly, to identify incorrect analytical queries, we must verify 
the validity of the combination of measures and members.

•	 Then, for defining correct aggregation rules, we must define in 
the modeling stage, stereotypes allowing users to define their own 
aggregation ICs.

•	 And finally, for the respect of user policy, formalization of 
user_profile concept is assured allowing specifying constraints 
depending on particular information of a user.

The operating algorithm for applying UIC_SOLAP can be as 
follows:

Algorithm
// check data user_integrity_constraints when analyzing 
data, before applying “ETL” process
S←Ø;// set of spatial data properties
P→Ø; // final list of properties initially empty
For(every kind of final_user of SOLAP)
Begin
S ←Read (database_properties); //user will enter 

//spatial properties according to him
Verify_contradictory (P,S); //verify if enteredproperties 
are contradictory with the others
While (not ok) // WhileS is in contradictory with at 
least one of database_properties
Begin
redefine_properties(S)// S will be redefined
Verify_contradictory (P,S);

End_while
P ←P+S;// add S tofinal list of properties

end_for;
// (checking exploitation policy userintegrityconstraints) 
When connecting to SOLAP
Read (user_id)
Apply_profile (user_id) //applying a set of parameters 
allowing user to see only information related to his 
specialty

// …   When querying the SOLAP
While (user is connected)
Begin 
//checkingquerying user integrity constraints
Read(query)
Verify_combin ({dimension_members}, measure) 
If (not OK) then show_message(“inconsistent query will 
generate inconsistent results”);
//checking querying userintegrityconstraints
Read (aggregation)
Verify_aggregation(query,aggregation_model)
//to Verify if requested aggregation function is 
allowed to be applied
If (not OK) then show_message(“not allowed aggregation 
will generate inconsistent results”)

End_while
End_Algorithm.

For the modeling, in our approach we use Unified Modeling 
Language (UML) since it becomes a standard using object-oriented 
concept and is widely used for designing various systems and software. 
UML can be also easily extended with profile to adapt it to specific 
domain namely multidimensional modeling. 

The activity diagram of  the proposed system namely “UIC-SOLAP” 
is shown in Fig. 8. 

VII.	Case Study

The case study used to illustrate our proposal concerns the 
multidimensional (MD) analysis in a Spatial Decision Support System 
(SDSS) for forest management. 

We use an extension of UML for MD modeling with three 
mechanisms: stereotypes, tagged values and constraints in the UML 
profile [33]. We use also Object Constraint language (OCL) to 
formalize IC constraints which refine the definitions of stereotypes and 
tagged values [34].

The forest SDW metamodel we propose is adapted from [35]. It 
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allows representing the main static concepts of the SDW. We used it 
thanks to its completeness and clarity. However, this metamodel does 
not allow creating a hypercube with several fact tables. So we introduce 
some modifications as depicted in Fig. 9. To do this we propose one-to-
many cardinality in the composition relationship between hypercube 
package stereotype and the one of fact class. This allows having 
multiple fact tables within a hypercube [23]. Some stereotypes were 
removed and others were added where necessary.

We must ensure the modeling of all the measures, dimensions and 
hierarchies used for data aggregations required in the analysis process. 

The class diagram for the forestry SDW is shown in Fig. 10. It is 
considered as spatial because it has at least one spatial measure and at 

least one spatial dimension. 
In our case study, users are interested in the analysis of three aspects 

of the forestry domain, defined using a hypercube with three facts tables 
sharing some dimension tables in a constellation schema, which are: 

1.	 «Silviculturals» facts table related to forestry activities such as 
afforestation, spacing, growth and yield, etc. It is described using 
three measures where one is spatial (localisation) and two are 
numerical (volume_fin and superficie); 

2.	 «Event» facts table related to fires, illegal cut, etc. It is described 
using three measures where one is spatial (localisation) and 
two numerical which are volume_fin for the financial cost and 
superficie, the area concerned;

Fig. 8. Activity diagram for “UIC-SOLAP”.
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Fig. 9. Forest SDW metamodel.

Fig. 10. Constellation schema of forest SDW.
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3.	 «Dendrometry» facts table related to the measurements of various 
characteristics of trees, such as their circumference, high, age, etc. 
It is described using three numerical measures (cir, haut, and age), 
and one spatial measure (localise). 

Dimensions can be: 
1.	 Temporal, to effectuate business analysis at three levels: month, 

quarter, or year; 
2.	 Spatial, to effectuate business analysis at geo-referenced areas. 

We have two spatial dimensions: administrative with levels 
(district, circumscription and conservation); and ecologic with 
levels (canton and forest);

3.	 Thematic, which is related to the business processes. We have 
four thematic dimensions: Species, Type_activity, Cause and 
Type_event.

We define the UserProfile stereotype for specifying IC depending 
on particular information of the user. In the class diagram, we have just 
one class of this stereotype; that has no association to other classes. It 
is used only for formulating IC as shown in Fig. 11.

Fig. 11. UML Stereotype and Class for UserProfile.

For the new type of inter-facts IC within one hypercube cited in 
section 4.1, in the MD schema of forest SDW we introduce the assertion 
that verifies prospective conditions between two or more facts tables.

Fig. 12 shows an inter-facts IC between two facts tables 
Silviculturals and Events of the same hypercube. It specifies that 
superficies of reforestation must be greater than superficies destroyed 
by fires. We note that specification languages of ICs are explained in 
[13]. However, they go beyond the objective of the current study.

Fig. 12. Inter-facts IC.

VIII.  Discussion of Results

We have developed a SOLAP application with JAVA Eclipse, the 
object-oriented programming language. With the integration of ArcGis 
runtime SDK, the solution provides cartographic synchronization with 
tabular and diagram displays as shown in Fig. 13. Different users may 
pass their analytical queries using buttons and combo boxes available 
in the interface. They can also formulate their queries directly in 
MultiDimensional eXpression (MDX) language to communicate with 
the “Silvi” hypercube. The prototype is tested with a dataset concerning 
the Mediterranean forests of Mostaganem department situated in north 
western of Algeria.

Different users with different aspects of interest can manipulate 
the system with different manners. This can generate inconsistent 
analytical results. Hence, the formulation of ICs at different stages can 
avoid integrity problems.

In the following examples, we will focus on some ICs related to 
users of SOLAP application.
•	 Firstly, for the Users ICs related to spatial data, we take into 

consideration “user-defined” ICs. They are business rules which 
control the integrity of data stored and results. Here we have three 
examples related to users of each one of facts tables of the “Silvi” 
hypercube:

Fig. 13. Data User ICs in Forest SOLAP.



- 55 -

Regular Issue

1.	 “The distance between a forest and a gas station shall be more 
than 500 meters”.

2.	 “Afforestation can be effectuated at forest spaces tree-free”.
3.	 “it is authorized to cut down a tree when its circumference >= 

4m; height>=20m; age >=50 and it is near a road”.
These ICs may be contradictory since the users are heterogeneous 
and data will be used in deferent facts tables within the same 
hypercube.

In our proposal we try to remove these contradictory issues. Since 
our prototype may be used by any kind of users, they may query 
any one of facts tables. Their interests and rules may be different; 
hence, one user may not accept afforestation near a gas station even 
it is forest space tree-free; It can be dangerous for other spaces.

•	 For the Users ICs related to exploitation Policy, by the use of 
“UserProfile” concept, a “userrule” will be activated only if the 
concerned user is logging on. We create three profiles: Event_role, 
Silvicultural_role and dendrometry_role related to the users of 
Events, Silviculturals and dendrometry facts tables consecutive.
In this case, if the role is “Event_role” then only the related IC 
message appears “Gas station is less than 500meters from the 
forest”; despite “existing of very old trees near the road to be cut” 
and “existing of tree-free spaces within the forest to be reforested”.

We note that the decisional problem can be solved by the application 
of collaborative group decision support system. However, it goes 
beyond the objective of the current study which is focused on user 
ICs in SOLAP application. 

•	 For the Users ICs related to querying, considering the new 
administrative division, the system we propose verify the 
correctness of measures and dimension members combination 
in user queries. For the example above concerning combination 
of measures of Silviculturals facts table and ecological spatial 
dimension “forest=Zemoura” with administrative spatial 
dimension “conservation=Mostaganem” is false when time 
dimension member is after February 1984. Hence, the message in 
Fig. 14 appears.

Fig. 14. Notification for non respected query IC.

•	 And finally, for the Users IC related to aggregation, it defines 
how user wants to aggregate measures for calculating different 
indicators. Here, we indicate that every user has a set of indicators 
for the multidimensional analysis related to his specialty. So we 
propose that in the aggregation model to be defined in the UML 
profile, for each indicator we must specify which function to be 
used for aggregating the measure. ICs are defined in the metamodel 
and can be controlled when validating the conceptual model. 

In this case, since the IC is related to the indicator and the latter 
is associated to the user, hence we can associate an IC including 
the ‘UserProfile specialty’ to the facts table’s name. Indeed, this 
association can enrich the analysis consistency, since every user is able 
to effectuate correct queries relating to his specialty.

We note that querying a data warehouse is the job of the analyst or 
decision maker. However, in the current study we focus on the case 

when we use a hypercube with multiple facts tables. For example, in 
group decision systems, they may exist different actors (users). Each 
of them queries facts of his interest, and has no idea how to use other 
measures. This seems to be facultative, however it can be considered 
as a short cut and earlier control for measures aggregation. For 
example, concerning the dendrometry facts table, only users for whom 
Userprofile.specialty = “dendrometry”, will be able to aggregating its 
measures.

IX.  Conclusion and Future Work

Spatial Data Warehouses (SDW) and SOLAP systems are used for 
discovering business information for Spatial Decision Support System 
(SDSS). In forestry management, the decision-making process requires 
the use of multidimensional model including multiple facts tables 
within the constellation schema.

As stated in studies presented in this paper, SOLAP analysis goodness 
depends on three quality aspects which concern data, aggregation and 
queries formulated. For addressing these issues, Integrity Constraints 
(ICs) have been acknowledged to be an excellent approach. Indeed, 
they define conditions that must be satisfied to improve the accuracy, 
consistency, and completeness of databases. ICs are often defined in 
conceptual models to allow handling these issues at the early stages of 
development.

The main objective of the current study is to highlight the ICs 
essentially related the users of SOLAP solution for the effective 
management of forestry areas and its activities. Indeed, we propose 
a UML modeling of the forest SDW profile. Next, we use it for the 
constellation schema modeling with three facts tables sharing spatial, 
temporal and thematic dimensions. Then, we propose a classification 
of ICs related the users of SOLAP systems.  We propose also a new 
type of inter-facts ICs related to the use of hypercube with multiple 
facts tables. Finally, results of our proposal are shown using data 
concerning forest areas of Mostaganem in Algeria.

In our future works, we plan to extend our results by analyzing other 
interesting cases in which the SOLAP users ICs can be posed. This can 
be achieved by enriching our classification presented in this paper. We 
will address also, other aspects related to the quality in spatial data 
warehouses and verification of logical consistency in SOLAP Systems.
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