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Abstract— A data warehouse is a centralized repository of information from one or more data sources. The amount of big data
that arrives in data warehouse typically comes from transactional systems and other relational databases. Often the data is
stored in the form of materialized views in order to improve the performance of query execution in data warehouse. One of the
most important techniques for improving query optimization performance is the selection of views to materialize. In this paper,
the views selection problem is modelled as constraint satisfaction and optimization problem. The exact method standard may
take a considerable amount of time in order to find an optimal solution. To address this limitation of the exact method, we
proposed an approach based on consistency techniques and systematic search techniques to select an optimal set of views for
materialization. This proposed approach improves the quality of execution time for selecting an optimal set of views to
materialize.
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l. INTRODUCTION

Data growth worldwide has pushed companies to use the
data warehouse (DW) as a strategic technology for decision-
making and market research. Data warehouse is a subject-
oriented, integrated, non-volatile and time-variant collection
of data that supports management's decision of any given
entity. To increase the efficiency of the queries used in the
DW, and to avoid the direct and continuous access to the
source data, we must adopt the technique of the
materialization. This technique can be seen as an
intermediary that can respond to any request concerned by
this materialization.

Materialization is a powerful approach for optimizing query
execution time. However, the materialization of all or none
of the views can generate two opposite cases. Better query
performance can be achieved by total materialization, but the
cost of maintenance is higher. In the other case, the non-
materialization of the views may be better at the maintenance
level but with a very high processing cost. To propose an
optimal solution, we must then be aware that neither the
space where the views can materialize nor the time of their
maintenance are unlimited, we are confronted with another
problem that of the choice on which it is better materialized.
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The view selection problem is one of the most discussed
topics in the literature for the optimal choice of materialized
views in DW to improve query performance. That is in fact
NP-hard problem because of the fact that the solution space
grows exponentially as the problem size increases [1,2].

In the literature, four representations have been used as
search space for the problem of selecting views in DW.
Multidimensional Lattice cube representations of views
[3,4,5,6,7].

AND-OR view graph representations of views [8,9,10].
Multiple view processing plan representation [11,12] and
data mining representation [13,14]. The Multidimensional
Lattice cube has been used to express the dependencies
between different cells or views of the data cube.
Graphically, this multidimensional lattice cube representation
is composed of a set of nodes that are the views, and the arcs
that represent the dependency between the views. Anjana
Gosain et al. proposed particle Swarm optimization
algorithm for materialized cube selection [15]. AND-OR
view graphs representations were introduced to represent all
the possible ways to generate warehouse views such that the
best query path can be utilized to optimize query. Imene
Mami et al. have chosen this framework for the selection of
materialized views [8]. Multiple views processing plan is
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constructed using all common or similar subexpressions
among the queries for the view selection problem. Roozbeh
Derakhshan et al. chose to use the simulated annealing
algorithm to improve query performance by selecting views
in a data warehouse [12]. Data mining representation, this
approach is based on detection of common sub-expressions,
and represented workload as a binary matrix, in this matrix,
each row represents a query and each column is an attribute.
This data mining techniques is used for view selection
problem. Kamel Aouiche et al. have used data mining
techniques and applied it to this matrix to obtain a set of
candidate views for materializing [13].

In this paper, we solve the view selection problem using
hybrid approach. Firstly, optimal MVPP is proposed as a
search space. Secondly, the view selection problem is
modelled in term of an original constraint satisfaction and
optimization problems. Thirdly, hybrid approach that
combines between consistency technique and systematic
search technique to solve the proposed model.

The rest of the paper is organized as follows: In the second
section, we propose a mathematical modeling for the view
selection problem. In the third section, we describe hybrid
approach. In the fourth section, describes our experimental
results. The fifth section, concludes the paper.

Il. MATHEMATICAL MODELING TO SOLVING THE
VIEW SELECTION PROBLEM

Constraints satisfaction problem (CSP) provides a formalism
for many real problems. The resolution of CSP consists of
finding an assignment of values to variables, subject to a set
of constraints. Sometimes, the ideal solution is not only to
meet all the constraints but also to choose the best one. This
justified the extension of CSP to constraint satisfaction and
optimization problems CSOP via the introduction of a cost
function [16]. The task we are interested in is to find a
complete assignment satisfying all the constraints and
minimizing the overall cost. CSOP introduces a cost function
whose value depends on the values assigned to the variables.
This CSOP has two objectives: Firstly, to face and satisfy all
constraints by suggesting solutions, and secondly, to choose
the most optimized solution amongst them. The CSOP can be
solved by the exact algorithms such as generate and test,
backtracking etc.[17]. But unfortunately these algorithms
require a lot of time. In order to deal with this problem, we
have proposed a hybrid approach which consists in using
consistency technique and systematic research. In first time,
we present a transformation of a view selection problem into
constraint satisfaction and optimization problem (CSOP). In
second time, a hybrid approach is proposed to solve the
CSOP to ensure the optimal solution especially for small
VSP. The VSP is modelled as follows:

CSOP is a quintuplet X=(X,D,C,R, f ) defined by:
X ={x,x2,-~xn} is @ set of n variables (n views).
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D={Dj,Dp,--Dp} is a set of n discreet and finite
domains, where Dj is the set of values associated with
variable x; .

C ={C1,C2,-Cm}is a set of m constraints: where any
constraint C, concerns a subset of variables.
R ={R,Rp,-~Rm} is a set of m relations, where each

relation R, is defined by a subset of the Cartesian
Dj1xDjox--xDjk product corresponding to the set of possible
value combinations for C., K being the number of variables

involved in .
f is a cost function defined by:
f=3 Costg(v)+ X Costy(v)
geQ meM

Where

M is the set of materialized view (m),

Qs the set of query (q ),

Costg(v) is the cost of query processing,

Costmy (V) is the cost of maintenance.

I1l. MULTIPLE VIEW PROCESSING PLAN

In this work, we used multiple views processing plan as a
search space to obtain an optimal set of views to materialize.
Multiple views processing plan representation is used to
exploit the common sub-expressions that can be detected
among the queries. The leaf nodes correspond to the base
relations and the root nodes corresponds to warehouse
queries. The process of building the search space can be
divided into two phases: The first phase is the identification
of common tasks among a set of queries and prepares a small
set of alternative plans for each query. The second phase
generates a global execution plan that will produce the
answers for queries as they execute. In Figure 1, the global
MVPP is constructed by combining the local query plan the
first query with second query. Each query has multiple
execution plans. Each query has one or more plans. The
search space of MVPP is obtained by selecting a plan for
each request. Optimal MVPP is the one that has a lower total
cost. In each graph, the query access frequencies are labelled
on the top of each query node. And for each node except the
root (query node) and leaf (base relation node) nodes, there
are two data associated with it. The left stands for the query
operator and the right stands for the cost to generate the
nodes from base relations. The view selection problem has
been modelled as constraint satisfaction and optimization
problems. The model consists of variables, domains,
constraints and the object function.

In this example, we represent the multiple view processing
plan from two queries Q1 and Q2. Based on this obtained
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plan, we apply the hybrid algorithm to select a set of views to
materialize.

QL. select ¢_nation, s_nation, d_year,
sum(lo_revenue)
from customer, lineorder, supplier, dates
where lo_custkey = ¢_customerkey
and lo_suppkey =s_suppkey
and lo_orderdatekey = d_datekey
and c_region = 'ASIA'
and s_region = 'ASIA'
and d_year >= 1992 and d_year <= 1997
group by c_nation, s_nation, d_year ;

Q2. select c_city, s_city, d_year,
sum(lo_revenue)
from customer, lineorder, supplier, dates
where lo_custkey = ¢_customerkey
and lo_suppkey = s_suppkey
and lo_orderdatekey = d_datekey
and c_nation = '"UNITED STATES'
and s_region = 'ASIA'
and d_year >= 1992 and d_year <= 1997
group by c_city, s_city, d_year ;

Based on MVPP presented in Figure 1, each node presents a
variable associated with its domain of definition.

Variable X = {tmpL,tmp2,--tmp13} and

Domain X = {Dy,Dp,--Dy3} suchas Dj=Dp=-=D13={01}
The constraint is defined as follows: a node (view) cannot be
selected with its descendants at the same time.

A binary constraint network is a constraint satisfaction and
optimization problem for which all constraints are of arity two
(i.e. is a relation over exactly two variables) i.e.

Ci,j :xixj =0

The binary relation is defined by:
R1,4=R273=Rgl4=Rgvlo={(O,0),(O,l),(l,0)}

Ry g =Rg1o = Re11 = Ri113 = {(0.0)(02).(10)}
A non-binary constraintis a constraint that involves more

than two variables i.e. c:i XXX = 0.

Bk A%
The objective function f is defined by a sum of two

objective functions, the first function represents cost of query
processing and the second represents cost of maintenance.
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Figure 1. MVPP after all query Q1-Q2 are merged

In the data warehouse, selecting views using the MVPP
search space relies on the optimal choice of views such that
the total cost for query processing and view maintenance is
minimal. The sum cost is calculated from the possible
combination of nodes. The node in the search space is
represented by a view. The cost metrics for selecting
materialized views are based on the following costs: Cost of
query processing is the frequency of the query multiplied by
cost of query access from materialized views. Cost of view
maintenance is equal to the cost of constructing the view in
response to the changes in the base relation. Total cost is
equal to the sum of the cost of query processing and the cost
of view maintenance. The queries are represented by the root
nodes, the base relationships are the leaf nodes, and the other
intermediate nodes are selection, projection, join, and
aggregate views that form a given query [18]. The sum cost
is calculated from the possible combination of nodes. A
search space of n nodes required 2" combinations to find the
optimal set of the views to materialize. Suppose that there are
some intermediate nodes to be materialized. For each query,
the cost of query processing is query frequency multiplied by
the cost of query access from the materialized node(s). In
Figure 1, if node tmp4 is chosen to be materialized, the query
processing cost for Q1 is 1*(246764+ 593389744+ 2192+
2556+ 8151483630+ 30000+ 30000+ 1347130). The
maintenance cost for the materialized view is the cost for the
process of updating a materialized view in response to the
change in the base relations. The view maintenance cost of
temp4 is 2*( 2694000000+ 449+ 2000+ 6000000). The
purpose of the selection of views is to improve the
performance of the requests, by materialization in the data
warehouse.
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1IV. HYBRID APPROACH

The proposed hybrid approach is based on a systematic
search that attempts to find a solution by systematically
searching the search space and on the consistency technique
that is used as a pre-processing step where inconsistencies
are detected and eliminated, before starting the search or
during the search process itself, to reduce the nodes to
instantiate in the tree.

A. Systematic search

Systematic search is to go through the search space until a
solution is found or prove that there is no solution. The
possible combinations of assigning values to variables in a
CSP give rise to a search space that can be represented as a
search tree or graph. Each node in the search tree represents a
partial assignment of values to a set of variables. There are
several systematic search algorithm like generate & test,
backtracking etc. [19].

B. Consistency techniques

Consistency techniques introduced for the first time in
artificial intelligence to improve the efficiency of image
recognition programs [20]. In the literature, several
consistency techniques have been proposed as ways to
improve the efficiency of search algorithms. These
techniques are used as pre-processing steps where
inconsistencies are detected and eliminated, before starting
the search or during the search process itself, in order to
reduce the nodes to be instantiated in the search tree. We can
differentiate between different levels of consistency such as
node consistency, arc consistency or path consistency [21].
Algorithms that achieve such levels of consistency eliminate
the instantiations of values in the domains of incompatible
variables, that is, they remove the nodes of the search tree,
which cannot participate in any solution. By applying
consistency algorithms, we do not guarantee that all
remaining variable-value pairs are part of a solution; practice
has shown that they can be very useful as a pre-processing
step, to reduce complexity of CSPs and also during research,
to reduce the search space.

C. Consistency techniques

The generate and test algorithm is the most commonly used
technique because it instantiates each of the possible values
on the variables and systematically traverses the entire search
tree [22]. Unfortunately, this method has the disadvantage of
being very slow when searching for a solution, because it
generates assignments that do not respect the constraints,
which results in a loss of time and cost. To remedy the
problem of this method, we have proposed a hybrid approach
that seeks to detect future inconsistencies even earlier.
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Algorithm 1 describes the process of hybrid approach applied
to the resolution of CSOP, where V [n] represents the vector

of assignments to the variables (x,xp,--xn) of the views
selection problem.

Algorithm 1: Hybrid_algorithm

Initialization: Hybrid_algorithm (1,V[n])

Début
Procedure: Hybrid_algorithm (k;V[n])

V [k] = Selection (d); Select a value from domain of d, to
be attributed to variable x,

If Verification (k;V[n]) then
If k=n then
Return [n] ; It's a solution

Else
Hybrid_algorithm (k+1;V[n])
End If
Else
If stay_value (dy ) then
Hybrid_algorithm(k;v[n])
Else
Ifk =1 then
Return false;
Else
Hybrid_algorithm (k-4 V[n])
End If
End If
End If

End Hybrid_algorithm

V. SIMULATION RESULTS

The experiments are conducted on SSB benchmark. This
benchmark is derived from the TPC-H with scale factors of
1GB. TPC-H is the benchmark of the Transaction Processing
Performance Council (TPC) for decision support. The SSB
benchmark contains of one large fact table LINEORDER and
four dimensions tables CUSTOMER, SUPPLIER, PART and
DATE [23]. In order to determine a suitable set of views that
minimizes the total cost associated with the materialized
views, in conjunction with MVPP framework, in this sense, a
hybrid approach is applied to solve the view selection
problem. The defined model has been implemented in the
visual studio solver to validate the expected results presented
in this article.
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Table 1. MVPP, cost of query processing, cost of maintenance and total cost
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Cost of query Cost of Total cost
processing maintenance
Optimal set materialized 15964141229 7197 15964148426
views (13views)
Optimal set materialized 12387214367 5400069646 17787284013
views (16views)
Optimal set materialized 1557801686572 3400000 1557805086572
views (20views)
Optimal set materialized 1546558528754 182773100280 1729331629034
views (22views)
Table 2 Comparison between hybrid approach and generate and test
Generate and test method Hybrid approach
iteration time iteration time
set materialized 8192 3,6309224s 858 0,5953907s
views (13views)
set materialized 65536 36,5020063s 3126 1,839106s
views (16views)
set materialized 1048576 701,6086125s 28776 11,2178131s
views (20views)
set materialized 4194304 2406,6279004s 88112 37,747951s
views (22views)

In order to validate the proposed approach, some experiments
are effectuated to solve some typical problems of the
materialization of the views. These experiments are
effectuated in personal computer with a 2GHz processor and
2GB RAM. This approach is implemented by visual studio
language. The performance has been measured in terms the
minimum obtained cost. In comparison with generate & test
algorithm, the optimum cost obtained by our hybrid approach
is very interesting. Moreover, these results are obtained in the
minimum time (See Table 2). For instance, when solving
problem instance of set materialized 22 views, our approach
required only 37.74 seconds whereas generate and test
algorithm is executed in 2406,62 seconds. Therefore, the
Table 1, show the optimal total cost of materialized views
obtained by using hybrid approach and generate & test
algorithm. The optimal total cost of the materialized views
refers to the sum of total query processing & maintenance
cost of views.

VI. CONCLUSION

The view selection problem is considered one of the
essential elements in the design of a data warehouse. The goal
of this problem is to minimize the total cost which is the sum
of the costs of query processing and the maintenance costs of
the views. In this article, we proposed a hybrid approach for
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selecting an optimal set of views to materialize in the data
warehouse. This hybrid approach is based on a combination
of systematic search techniques and consistency techniques in
order to predict the violation of a constraint prior to
instantiation. In this context, hybrid approach is proposed on
the basis of this notion of verification. First, we proposed a
problem selection model for constraint optimization and
constraint optimization. Then, we solved this model by a
hybrid approach. The overall results demonstrated the
effectiveness of the proposed algorithm on a naive approach
with an experimental performance study. For future work, we
are going to study the multi-objective optimization problem
for the views selection problem and also many improvements
could be made, especially regarding the order of variables and
values.
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