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Abstract. Business Intelligence systems refer to technologies and tools
responsible for collecting, storing and analyzing data to improve decision-
making. In BI systems, users interact with data warehouse by formulating
and launching sequences of queries aimed at exploring multidimensional
data cubes. However, the volumes of data stored in a data warehouse can
be very large and diversified. So, a big amount of irrelevant information
returned as results to the user could make the data exploration process
inefficient. That’s why, it’s necessary to help the user by guiding him
in his exploration. In fact, query recommendation systems play a major
role in reducing the effort of decision-makers to find the most interesting
information. Several works dealing with query recommendation systems
were presented in the last few years. This paper aims at providing a
comprehensive review of literature on a query recommendation based on
the exploration of data cubes. A benchmarking study of query recom-
mendation methods is proposed. Several evaluation criteria are used to
identify the existence of new investigations and future researches.

Keywords: Query recommendation systems · Business intelligence sys-
tems · Data · Analysis · Cube · Data warehouse

1 Introduction

Business Intelligence (BI) system represents the tools that are used to collect,
store and analyze data in order to make the best decision [4–6]. The BI sys-
tem is realized by applying two different steps. The first step is the Extract,
Transform and Load data. The ETL tools are responsible for extracting data
from different heterogeneous sources, providing the integration and data cleans-
ing according to a target schema or data structure, loading and storing data
in a data warehouse. The second step is to analyze data by using an analysis
server such as: OLAP or Spatial OLAP server. It is a rapid and flexible way
for analysts to navigate, explore and analyze the large amount of data stored in
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the data warehouse. Indeed, the user can make analysis reports by using: some
reporting tools, dashboards, navigation and statistical tools. These tools offer
capabilities to explore data and support the analysis process. To analyze data,
users interactively navigate a data cube by launching sequences of OLAP or
SOLAP queries over a traditional or spatial data warehouse, respectively. The
problem appeared when the user may have no idea of what the forthcoming
query should be. As a solution and to help the user in his navigation, we need a
recommendation system.

The remainder of this paper is organized as follows: Sect. 2 introduces the
concepts of recommendation in data warehouse systems. Section 3 presents an
overview of several different approaches presented in the field of query recommen-
dation based on the exploration of data cube. Section 4 presents a comparative
study that provides a general, comparative view of the different approaches that
have been presented. Section 5 concludes the paper.

2 Recommendation System

Recommendation system defined as a system that gives the possibility to gen-
erate recommendations of items like books, movies, music, queries, etc.; and
products that might interest users [9,16]; those recommendations give the possi-
bility to help the user by guiding him to find relevant information. The current
generation of recommendation system is usually categorized into a content-based
method, a collaborative method and a hybrid method [1,13,17].

In various studies [17,21–23], we find that the authors described the charac-
teristics of the general algorithm of a recommender system for the exploration of
data. These characteristics are the inputs, the outputs and the recommendation
steps.

The inputs of the algorithm can be a log of sessions of queries, a schema or
an instance of the relational or multidimensional database, a current session that
contains the queries launched by the current user and a profile or the behavior
of the user.

The outputs of the algorithm can be a query, a set of ordered queries or a
set of tuples that can be similar or interested in the current user.

In reality, an algorithm of recommendation is decomposed into three steps.
The first step consists in choosing an approach for evaluating the used scores.
In fact, in this step we can choose one of the categories of recommendations:
a content-based, a collaborative and a hybrid method. The second step is the
filter; this step consists in selecting the candidates’ recommendations. The last
step is the guide; this step consists in ordering the candidates’ recommendations.

3 OLAP Query Recommendation Approaches

This section presents a thorough survey on the proposed approaches in the
domain of query recommendation for helping users to explore data. Those
approaches can be classified into two categories, the first category exploits the
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OLAP data cube and so does the second category which exploits the Spatial
OLAP data cube.

3.1 Methods Exploiting OLAP Data Cube

Data warehouse stores large volumes of consolidation and historized multidi-
mensional data, to be explored and analyzed by various users. In fact, the user
interacts with the data warehouse by launching sequences of OLAP queries aimed
at exploring the multidimensional data cube. Since the volume of information to
explore can be very huge and diversified, it is necessary to help the user to face
this problem by guiding him: by proposing an OLAP query recommendation
system in his data cube. In the literature, we can distinguish two different ways
to explore OLAP data cube. The first way exploits the profile and so does the
second way with the log of queries.

Using the Profile. A lot of researches recommend OLAP queries in the explo-
ration of a data warehouse by exploiting the profile.

The works of Sarawagi et al. in [21–23] were proposed to help the user in
his exploration of the OLAP data cube based on the atomization. For this rea-
son, the authors proposed four different operators: DIFF, EXCEP, RELAX and
INFORM. Those operators allow the return as results of all sets of tuples that
can explain the anomalies detected through the different operators, in fact those
operators give the possibility to recommend one or more queries. We find that
the proposed algorithms are a recommendation method based on the content.
Adding to that, we discover that some proposed operators execute the results
obtained after launching the current query and other operators execute only the
current query.

The recommendation method proposed by Bellatreche et al. in [7,8] treats
the problem of OLAP query personalization. In this method, the authors took
into account the particularities of OLAP queries. The proposed method gives
the possibility to secure two principal objectives; the first is to compute the
utility of query and the second is to display the best query to a user by taken
into account not only his preferences but also his visualization constraints. The
proposed method is composed in three different steps. The first step consists in
using the user profile. In this step, authors proposed two functions Perso and
MaxSubset which were used to compute the best subsets of references from the
current query and to satisfy the proposed constraint. The second step consists
in searching elements firstly by comparing between the stored preferences and
a query; secondly by selecting an order set of references for a specific query.
The third step, the authors proposed to build a personalization query by using
the best references, sorted and recommended them in an ascending order. We
deduce that this approach is based on the content method. In fact, this method
doesn’t take into consideration the previous queries launched in the cube and
the sequencing of queries launched by the current user.

The recommendation method proposed by Jerbi in [11] treats the problem of
OLAP analysis personalization within data warehouses. In fact, the user must
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launch several queries in order to obtain a result that can be similar or close to
his preferences. The proposed method gives the possibility to improve the cur-
rent query by using the preferences of the user, and recommends the best query
for him. The first step in this method is to analyze OLAP data. An OLAP
analysis is modeled through a graph where nodes represent the analysis contexts
and edges represent the user operations. The second step is to build a model for
user preferences on the multidimensional schema and values. The last step is to
propose a framework including two personalization processes. The first process
denoting OLAP query personalization depends on contextual preferences stored
in a user profile. In this process, two phases must be performed: the selection and
the integration of preferences. The second process is recommendation queries.
In this process, two types of personalization have to be performed: a personal-
ization of an explicit or a dynamic type. Moreover, the proposed recommenda-
tion framework supports recommendation scenarios: assisting the user in a query
composition and suggesting the forthcoming and alternative queries. The system
recommends a set of queries by comparing the user preferences and alternative
queries. Consequently, this framework is based on the content method. Also, this
method doesn’t take into consideration the sequencing of queries launched by
the current user; it takes only the last launched query and the current session.

Using the Log of Queries. A lot of studies recommend queries in the explo-
ration of OLAP data cube by exploiting the log of queries.

The recommendation method proposed by Sapia in [18–20] handles the prob-
lem that a user has no idea about the forthcoming query to request. Therefore,
the author proposed a method to predict the next OLAP query in order to
help him during the rest of the current session. The author proposed a method
based on a probabilistic model: the Markov model. This model is used in order to
return the similarity between two consecutive queries and predict the probability
of occurrence for each prototype. In this method, the author proposed to build
for each query in the log of sessions and in the current session a prototype corre-
sponding to it. Then, he suggests to use a distance method to compare between
those prototypes. Finally, he proposes to recommend a query to the current user
which contains the highest probability of appearance between the prototype and
the launched query. We note that this method is a collaborative recommenda-
tion method, which uses a statistical model the Markov model. In addition, we
remark that this method takes into account the sequencing of queries and the
previous queries.

The method proposed by Giacometti et al. in [10] gives the possibility to
recommend for the current user the discoveries detected in the previous sessions
saved in the log with the same unexpected data as the current session. This
approach consists in two different steps. The first step is based on analyzing the
query log to discover pairs of cells at various levels of detail for which the mea-
sure values differ significantly. The second step is based on analyzing a current
query to detect if a particular pair of cells for which the measure values differ
significantly can be related to what is discovered in the log. This approach is
composed of two parts: the processing of the log and the computation of the
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recommendations. We find that this method is based on the results and the
queries for each session in the log of recommending queries. Besides, it is a
collaborative method.

The method proposed by Marcel et al. in [14] gives the possibility to rec-
ommend query to the user. The authors proposed a method for computing an
intensional answer to an OLAP query by using the previous queries in the current
session launched by the current user. The proposed method takes into account
the intensional query answers. For this reason, it satisfied the three criteria
proposed for the intensional answer: purity, completeness and dependency. So,
we find that this method can be classified as mixed, partial and dependent.
We describe the proposed method as following. The first step is to compute
the extensional answer after the current user launching a query over the cube
OLAP. In this method, authors proposed to use an expected cube for storing
a model of the user expected values according to the data saved in the exten-
sional answer. In the second step, for each query belonging to the current session,
four steps must be done: execute the query over the cube, predict the expected
extensional answer, improve the quality of the estimated values in the expected
cube and build an intensional answer. We find that this method was suggested
for generating recommendations OLAP queries in the context of the collabora-
tive exploration of data cubes and it is based on the extensional and intensional
answers. Furthermore, this method doesn’t take into consideration the spatial
queries and it is based only on the current session.

The method proposed by Aufaure et al. in [3] treats the problem of finding big
numbers of possibilities of aggregations and selections that can be operated, all
those possibilities may make the user experience disorientating and frustrating.
In fact, authors proposed an approach for predicting and recommending the most
likely next query to the current user. The proposed approach used a probabilistic
user behavior model, which can be built by analyzing previous OLAP sessions
and exploiting a query similarity metric. To this end, the authors proposed to
analyze the query logs of a user, then, to cluster queries by using both a similarity
metric and a Markov-based model based on the user behavior. Finally, by using
this model, it is possible to recommend the next query for the current user. We
find that this method doesn’t only take into consideration sessions in the log and
the sequencing of queries but also it takes into consideration queries launched by
the current user in the past and the current query. This method is content-based
method.

3.2 Methods Exploiting Spatial OLAP Data Cube

By using the new technologies such as: PDA, GPS, RFID, etc., we store different
types of data. 80% of the obtained data represent spatial or location components.
Spatial data warehouse have been used for storing and manipulating spatial
data components [15]. Several spatial data types such as: point, surface, multi-
polygon, etc.; can be used to represent the spatial extent of real-world objects,
which are collected for using the new technologies, in order to store the location
or the movement of a real-world object like: car, train, ambulance, etc.
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Spatial data types have a set of operations, which can be realized in order
to represent spatial characteristics such as: topological, direction and metric dis-
tance [15]. A spatial data warehouse is made of multidimensional spatial model
by integrating spatial measures and dimensions in order to take into account
spatial components. In order to analyze and explore a spatial data warehouse,
users need a SOLAP system. The SOLAP system obtained after the combination
of Geographic Information Systems (GIS) with OLAP tools and operations. To
navigate in the spatial data cube the current user launches a sequence of SOLAP
queries over a spatial data warehouse. The problem appeared when the current
user may have no idea of what the forthcoming SOLAP queries should be for this
purpose we need a SOLAP queries recommendation system. In the literature, we
find two methods for recommending SOLAP queries, the first one is proposed
by [12,13] and the second one is proposed by [2].

The method proposed by Layouni et al. in [12,13] gives the possibility to
recommend SOLAP queries to the current user. The proposed approach con-
sists of the three following steps. The first step consists in computing all the
generalized sessions of SOLAP queries of the log. In this step, they proposed a
new similarity measure in order to compare between SOLAP queries by taking
into account spatial relationships: topological, direction and metric. Also, they
propose to use the method of TF-IDF for extracting the spatial measures and
spatial dimensions in a launched query. Besides, to do the last classification of
SOLAP queries, they decide to choose the Hierarchical Ascendant Classification.
The second step is the filter which consists in predicting the candidates SOLAP
queries by computing the most similar sessions to the generalized current ses-
sions and searching the set of candidates SOLAP queries. The last step is the
guide that consists in ordering the candidates SOLAP queries. We find that this
method was suggested for generating recommendations SOLAP queries in the
context of the collaborative exploration of spatial data cubes. And it is based
on the text query and not the results obtained.

The method proposed by Aissi et al. in [2] recommend a set of SOLAP queries
for the current user, this set contains only five queries. This approach takes into
account the specific characteristics of spatial data. But the proposed approach
for recommending SOLAP queries have some disadvantages. The proposed algo-
rithm eliminates all the old queries in the log. It takes into account only recent
queries in the log. In order to recommend a set of queries, the proposed app-
roach detects preferences of the current user and compares between queries by
applying a spatio-semantic similarity measure.

4 Comparing Query Recommendation Approaches
and Discussion

The following section presents a comparative study that provides a general com-
parative view of the different approaches that have been presented and discussed
in the field of methods proposed for recommending queries. The different models
are compared according to these criteria.
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Objectives of the works: The works proposed by [7,8,11] have two objectives:
the personalization and the recommendation queries in the exploration of the
data warehouse but the works proposed by [3,10,12–14,18–23] have as objective
the recommendation queries.

Recommendation SOLAP vs non-SOLAP queries: The works proposed
by [3,7,8,10,11,14,18–23] recommend queries in the exploration of the data
warehouse so they exploit an OLAP data cube. The work proposed by [12,13] rec-
ommend queries in the exploration of the spatial data warehouse so the authors
in this method explore a SOLAP data cube.

Inputs of the algorithm of recommendation: The works proposed by [7,
8,11,21–23] exploit the profile, but the works proposed by [2,3,10,12–14,18–
20] exploit the log. We find that the methods proposed by [7,8,11,21–23] take
as inputs of the algorithm the profile of the current user. Also, the methods
proposed by [3,10,12–14,18–20] take as inputs of the algorithm the log of sessions
of queries. Indeed, we find that the inputs of the algorithm can be: a schema,
an instance, the current query, the current session, the previous sessions and
visualization constraints. In fact, we remark that a schema was used as input
in the algorithms proposed by [10–14,18–23]; an instance was used as input in
the algorithms proposed by [7,8,10–14,18–23]; the current query was used as
input in the algorithms proposed by [2,3,7,8,10–14,18–23]; the current session
was used as input in the algorithms proposed by [2,3,10–14,18–20]; the previous
sessions were used as input in the algorithms proposed by [2,3,10,12,13,18–20]
and visualization constraints were used as input only in the algorithm proposed
by [7,8].

Output of the algorithm of recommendation: Comparing the different pro-
posed methods, we find that the output of the methods proposed by [3,11–14,18–
20] is a query, those proposed by [2,7,8,10,12–14] the output is a set of queries
and only the method proposed by [21–23] the output is a set of tuples.

Category of recommendation proposed system: We find that the meth-
ods proposed by [3,7,8,11,21–23] are content-based methods and the methods
proposed by [2,10,12–14,18–20] are collaborative methods.

Filter step: We find that, in the filter step of the proposed algorithm, the
method proposed by [2,3,7,8,11–14,21–23] gives the possibility to select the
candidate’s recommendation queries. Besides, for computing the candidate’s rec-
ommendations the methods proposed by [14,21–23] apply the maximum entropy
theory; also the methods proposed by [7,8,10,11] use a graphic model; as well
the methods proposed by [3,18–20] apply the Markov model and the methods
proposed by [2,12–14] apply distance model.

Guiding step: The guiding step was applied in the methods proposed by [11–
13,18–20].

Intension and extension approach: We also find that the methods proposed
by [2,3,7,8,11–14,18–20] applied to queries; only the method proposed by [10,
14,21–23] applied to the results obtained after launching a query.
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Table 1. Comparative studies between the different approaches.

Proposed method Proposed by

[21–23] [7,8] [11] [18–20] [10] [14] [3] [12,13] [2]

Objective Recommending

queries

* * * * * * * * *

Personalization

query

* *

Data warehouse * * * * * * * *

Spatial data warehouse * *

Cube OLAP * * * * * * *

SOLAP * *

Inputs of the

algorithm

Log * * * * * *

Profile * * *

Schema * * * * * *

Instance * * * * * * *

Current query * * * * * * * * *

Current session * * * * * * *

Visualization

constraints

*

Previous

sessions

* * * * *

Output of

the algorithm

Query * * * * *

Set of queries * * * *

Set of tuples *

Intension approach * * * * * * *

Extension approach * * *

Approach Content-based

method

* * * * *

Collaborative

method

* * * * *

Filter Select

candidates rec-

ommendations

* * * * * * *

Compute

candidates rec-

ommendations

The

maxi-

mum

entropy

theory

A

graphic

model

A

graphic

model

A

Markov

model

A

graphic

model

The

maxi-

mum

entropy

theory

and a

distance

model

A

Markov

model

A dis-

tance

model

A dis-

tance

model

Guide * * *

Manipulation

language

SQL * * * * * *

MDX * * * * * *

Spatial MDX * *

Manipulation language: We find that the methods proposed by [3,10,11,14,
18–23] used the SQL language, the methods proposed by [3,7,8,10–14] used the
MDX language and the methods proposed by [2,12,13] used the MDX language
with Spatial functions. Table 1 reports a comparison of the above approaches
according to the presented criteria.
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5 Conclusion

In this paper, we have done an overview of the developed and suggested query
recommendation approaches. Each approach is presented and discussed, then, a
comparative study between the different proposed works is presented in order
to compare and evaluate them in terms of some criteria.The relative novelty of
the domain leaves many challenges, opportunities and extended studies open for
future work, which we addressed most of them in our deduced research gaps.
The proposed work allows us to have a overall vision on the different proposals
and takes advantage of the studied contributions in an optimized way in order to
introduce our future work which is the proposal of a new approach on a trajectory
query recommendation to describe the object movement in space over the time.
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