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ABSTRACT

A Data Warehouse (DW) can be seen as a set of materi-
alized views defined over remote source relations. Dur-
ing the initial design and evolution of a DW, the DW de-
signer is faced, on many occasions, with the problem of
selecting views to materialize in the DW. This problem
has been addressed for different classes of queries/views,
and with different design goals. In this work we unify
these approaches in a general framework for material-
ized view selection for Data Warehousing. We first iden-
tify and analyze different design goals. A design goal
can be the minimization of a cost function or a con-
straint of different types. We then define the general
view selection problem that aims at satisfying all these
goals together. This definition of the problem allows us
to deal not only with the static design of a DW, but also
with its evolution. We use expression AND/OR dags to
represent alternative ways of evaluating multiple queries
and views, and subexpression sharing. Our formalism is
general enough to allow the representation of complex
queries including grouping/aggregation queries, neces-
sary in DW applications. We show how the design goals
can be mapped into conditions on expression AND/OR
dag structures. Using this mapping, we determine the
search space for the general view selection problem, and
we discuss algorithms for exploring it. Our approach
can be used as is but it can be also applied to particu-
lar DW design cases where not all the design goals are
required.

1. INTRODUCTION

A Data Warehouse (DW) is a repository of informa-
tion collected from multiple, possibly heterogeneous, au-
tonomous, distributed databases and other information
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sources for the purpose of complex querying, analysis
and decision support. Data at the DW are selectively
collected from the sources, processed in order to resolve
inconsistencies, and integrated in advance (at design
time) before data loading. DW data are usually or-
ganized multidimensionally to support On-line Analyt-
ical Processing (OLAP). A DW can be seen as a set
of materialized views defined over the source relations.
User queries use these materialized views either par-
tially or completely in order to get evaluated. This is
performed through partial or complete rewritings [19, 6]
of the queries over the materialized views. Evaluating
the queries incurs a query evaluation cost. When the
source relations change, the materialized views need to
be eventually updated. Maintaining the materialized
views incurs a view maintenance cost.

During the initial design and evolution of a DW, the DW
designer/administrator is, on many occasions, faced with
the problem of selecting views to materialize in the
DW. This problem has been addressed in the literature
for different classes of queries/views and with different
design goals. For instance, [13] decides what group-
ing/aggregation views to precompute in order to mini-
mize the query evaluation cost under a space constraint;
[25] selects auxiliary views for minimizing the total view
maintenance cost; [39] chooses views for minimizing a
combination of the query evaluation and the view main-
tenance cost; [35] selects PSJ views for minimizing the
combined cost under the constraint of the exclusive an-
swerability of the queries from the materialized views;
[12] endeavors to minimize the query evaluation cost
under a maintenance cost constraint; an incremental
view selection approach is presented in [37]; [24, 1, 21,
22, 32] address the problem of making a view set self-
maintainable by adding auxiliary views. All these prob-
lems are sub-cases of a general problem that we call the
general view selection problem. Roughly speaking, the
general view selection problem is the problem of select-
ing views for materialization in order to satisfy a number
of design goals. Design goals can be the minimization
of a cost function (i.e. view maintenance cost) or a con-
straint (i.e. space restrictions).

Contribution. In this paper we present a framework
for the general view selection problem for DW design



and evolution. This framework encompasses as a special
case different view selection problems addressed previ-
ously. The main contributions of the paper are the fol-
lowing.

o We identify and analyze design goals adopted in differ-
ent view selection problems for Data Warehousing. A
design goal can be the minimization of a cost function
or a constraint. Constraints are further classified as
system oriented or user oriented.

o We define the general view selection problem that aims
at satisfying all these design goals together. The def-
inition of the problem is wide in that it allows us to
deal not only with static DW design issues but also
with the evolution of the DW (dynamic design issues).

e We use multiexpression AND/OR dags to represent
multiple queries, materialized views, source relations,
subexpression sharing, alternative ways of evaluating
queries using materialized views, and alternative ways
of propagating source relation changes. This formal-
ism allows the representation of complex queries in-
cluding grouping/aggregation queries that are exten-
sively used in Data Warehousing applications.

e We show how the different design goals can be ex-
pressed in terms of multiexpression AND/OR. dags.

e Using this mapping, we determine the search space
for the general view selection problem, and we discuss
algorithms for exploring it.

e This work provides a better understanding of the dif-
ferent view selection problems by highlighting their
common points. Our approach can be used as is but
it can be also applied to particular DW design cases
where not all the design goals are necessary.

Related work. There are a number of papers dealing
with the view selection problems. These papers, along
with their design goals, are cited in Section 2 and in
the introduction. The work presented in this paper uni-
fies these approaches in a general framework for view
selection. Papers dealing with query evaluation, view
maintenance, and multiexpression dags are cited in the
respective sections.

Outline. The rest of the paper is organized as fol-
lows. The next section presents and analyses different
design goals, and states the general view selection prob-
lem. In Section 3, we define multiexpression AND/OR
dags and their derivatives. In Section 4, after present-
ing a cost model, we show how the design goals can be
mapped into conditions over multiexpression AND/OR
dags. Section 5 defines the search space and discusses
algorithms. We conclude in Section 6.

2. DESIGN GOALSAND THE GENERAL
VIEW SELECTION PROBLEM

Works addressing view selection problems attempt to
satisfy one or more of the design goals presented in this
section. A goal is either the minimization of a cost
function or a constraint. Further a constraint can be
user oriented or system oriented. Clearly, attempting to
satisfy the constraints can result in no feasible solution
to a view selection problem. Design goals can also be

viewed as quality factors of the DW [16, 5].

2.1 Minimization of cost functions

Most approaches comprise in their design goals the min-
imization of a cost function.

Minimization of the query evaluation cost. Many
view selection problems take as input the queries that
the DW has to satisfy for an initial or an incremental
design [13, 11, 39, 2, 35, 12, 37, 7]. The overall query
evaluation cost is the sum of the cost of evaluating each
input query rewritten (partially or completely) over the
materialized views. This sum can also be weighted, each
weight indicating the frequency, or importance, of the
associated query. The approaches [13, 30, 12] aim at
minimizing the query evaluation cost.

Minimization of the view maintenance cost. The
materialized views are usually maintained using an in-
cremental strategy. In an incremental strategy, only the
changes that must be applied to the view are computed
using the changes of the source relations [4, 8, 15, 23].
These view changes are then applied to the materialized
view. The view maintenance cost is the sum of the cost
of propagating each source relation change to the mate-
rialized views. This sum can be weighted, each weight
indicating the frequency of propagation of the changes
of the associated source relation. The expressions used
to compute the changes to be applied to a view involve
the changes of the source relations, and are called main-
tenance expressions. When the source relation changes
affect more than one materialized view, multiple main-
tenance expressions need to be evaluated. The tech-
niques of multiquery optimization [28, 29] can be used to
detect “common subexpressions” between maintenance
expressions in order to derive an efficient global evalua-
tion plan for these maintenance expressions. The main-
tenance expressions can be evaluated more efficiently
if they can be partially rewritten over views already
materialized at the DW: the evaluation of parts of the
maintenance expression is avoided since their materi-
alizations are present at the DW. Moreover, access of
the remote data sources and expensive data transmis-
sions are reduced. Materialized views that are added
to the DW for reducing the view maintenance cost are
called auxiliary views [25, 36]. Obviously, maintaining
the auxiliary views incurs additional maintenance cost.
However, if this cost is less than the reduction to the
maintenance cost of the initially materialized views, it
is worth keeping the auxiliary views in the DW. [25, 17]
derive auxiliary views to materialize in order to mini-
mize the view maintenance cost.

Minimization of the operational cost. Minimiz-
ing the query evaluation cost and the view maintenance
cost are conflicting requirements. Low view mainte-
nance cost can be obtained by replicating source rela-
tions at the DW. In this case, though, the query eval-
uation cost is high since queries need to be computed
from the replicas of the source relations. Low query
evaluation cost can be obtained by materializing at the
DW all the input queries. In this case all the input



queries can be answered by a simple lookup. The view
maintenance cost is high, though, since complex main-
tenance expressions over the source relations need to be
computed. The input queries may overlap, that is they
may share many common subexpressions. By material-
izing common subexpressions and other views over the
source relations, it is possible, in general, to reduce the
view maintenance cost. However, these savings must be
balanced against higher query evaluation cost. For this
reason, one can choose to minimize a linear combina-
tion of the query evaluation and view maintenance cost
(operational cost). The approaches [11, 35, 2, 39, 36,
34, 37] endeavor to minimize the operational cost.

2.2 System oriented constraints

System oriented constraints are dictated by the restric-
tions of the system, and are transparent to the users.

Space constraint. Although the degradation of the
cost of disk space allows for massive storage of data, we
cannot consider that the disk space is unlimited. The
space constraint restricts the space occupied by the se-
lected materialized views not to exceed the space allo-
cated to the DW for this end. Space constraints are
adopted in many works [14, 11, 34, 36, 37, 7]

View maintenance cost constraint. In many prac-
tical cases the factor that refrains us from materializing
all the views in the DW is not the space constraint (disk
space is cheap anyway) but the view maintenance cost.
Usually, DWs are updated periodically, e.g. at night-
time, in a large batch update transaction. Therefore
the update window must be sufficiently short so that
the DW is available for querying and analysis during
daytime. The view maintenance cost constraint states
that the total view maintenance cost should be less than
a given amount of view maintenance time. [12, 18, 7]
consider a view maintenance cost constraint in selecting
materialized views.

Self Maintainability constraint. A materialized view
is self-maintainable [10] if it can be maintained, for any
instance of the source relations over which it is defined,
and for all source relation changes, using only these
changes, the view definition, and the view materializa-
tion. The notion is extended to a set of views in a
straightforward manner [15]. By adding auxiliary views
to a set of materialized views, we can make the whole
view set self-maintainable. There are different reasons
for making a view set self- maintainable: (a) The re-
mote source relations need not be contacted in turn for
evaluating maintenance expressions during view updat-
ing. (b)“Anomalies” due to concurrent changes [42, 43]
are eliminated and the view maintenance process is sim-
plified. (c) The materialized views can be maintained
efficiently even if the sources are not able to answer
queries (e.g. legacy systems), or if they are temporarily
unavailable (e.g. in mobile systems). By adding auxil-
iary views to a set of materialized views, the whole view
set can be made self-maintainable. Self-maintainability
can be trivially achieved by replicating at the DW all
the source relations used in the view definitions. The

self-maintainability constraint requires that the set of
materialized views taken together is self-maintainable.
The approaches [24, 1, 21, 22, 32] aim at making the
DW self-maintainable.

Answerability of the queries from the material-
ized views constraint. In the Data Warehousing ap-
proach to the integration of data from the remote data
sources [38], the materialized views, necessary for an-
swering the input queries, must be present at the DW.
The answerability of the queries constraint requires the
input queries to be answerable from the materialized
views. This means that there must be a complete rewrit-
ing [19, 6] of the queries, initially defined over the source
relations, over the materialized views. Clearly, if this
constraint is satisfied, the remote data sources need not
be contacted for evaluating queries, and, therefore, ex-
pensive data transmissions from the DW to the sources,
and conversely, are avoided. Some approaches assume a
centralized DW environment where the source relations
(or source fact tables and dimension tables in case of
OLAP queries) are present at the DW site [14, 11, 39,
12] (and [14, 2, 30] for OLAP queries). In this case the
answerability of the queries is trivially guaranteed by
the presence of the source relations. The answerability
of the queries can also be trivially guaranteed by ap-
propriately defining select-project views on the source
relations, and replicating them at the DW [41]. (In this
case the self-maintainability of the materialized views
is also guaranteed.) [35, 36, 34, 37] do not assume a
centralized DW environment or replication of part of
the source relations at the DW, and explicitly impose
the query answerability constraint in selecting views for
materialization.

2.3 User oriented constraints

User oriented constraints express requirements of the
users.

Answer data currency constraints. An answer data
currency constraint puts an upper bound on the time
elapsed between the point in time the answer to a query
is returned to the user and the point in time the most
recent changes of a source relation that are taken into
account in the computation of this answer are read (this
time reflects the currency of answer data) [33]. Cur-
rency constraints are associated with every source rela-
tion in the definition of every input query. The upper
bound in an answer data currency constraint (minimal
currency required) is set by the users according to their
needs. This formalization of data currency constraints
allows stating currency constraints at the query level
and not at the materialized view level as is the case
in other approaches [27, 15]. Therefore, currency con-
straints can be exploited by DW view selection algo-
rithms where the queries are the input, while the materi-
alized views are the output (and therefore are not avail-
able). Furthermore, it allows stating different currency
constraints for different relations in the same query.

Query response time constraints. A query response



time constraint states that the time needed to evaluate
an input query, using the views materialized at the DW,
should not exceed a given bound. The bound for each
query is given by the users and reflects their needs for
fast answers. For some queries fast answers may be
required, while for others the response time may not be
predominant.

2.4 Thegeneral view selection problem
The general view selection problem can now be stated
as follows:

Input:

- A set of source relations R = {Ry1,..., R, }.

- A set of queries Q = {Q1,...,Qm} over R.

- Query frequencies fq,,..., fg.,, and source relation
change propagation frequencies fr,,..., fr,-

- A set of views U = {Uy,...,U} over R that are ini-
tially materialized in the DW.

- System oriented and user oriented constraints.

- A cost model and the necessary statistical information
concerning the source relations.

Output:

- A set of views V to additionally materialize in the
DW that satisfies all the constraints, and minimizes
the operational cost.

This definition of the view selection problem covers not
only the initial design of a DW (U = 0), but also its
evolution: the DW can contain a set of views initially
materialized in it. The input queries can be the queries
that the DW has additionally to satisfy (for instance,
because the analysts need extra queries).

Different view selection problems addressed previously
can be expressed as a special case of the general view
selection problem. For instance, the problem of choos-
ing auxiliary views for a materialized view U in order
to minimize the overall view maintenance cost [25] is
a special case of the general problem where Q = 0,
U = {U}, and no constraints are imposed. In this case,
since Q = 0, the operational cost is the view mainte-
nance cost. As another example, the problem of select-
ing views that minimize the operational cost under a
space constraint in a centralized environment [11] is a
special case of the general problem where U = R, and
the only imposed constraint is the space constraint (the
answerability of the queries and the self-maintainability
constraints are satisfied in this case trivially).

3. MULTIEXPRESSION AND/OR DAGS

AND RELATED NOTIONS

In this section we define multiexpression AND/OR dags
and their derivatives: multiquery AND/OR dags, query
evaluation dags and change propagation dags. We then
show how source relation changes can be propagated to
the materialized views using change propagation dags.
Finally, we define the notion of redundant materialized
views. We adopt a natural extension of the relational
algebra operations to bags (multisets). This algebra [31,

32] allows defining queries and views that have the SQL
bag semantics, and comprises a generalized projection
operator [9, 23] to account for grouping/aggregation op-
erations frequently used in Data Warehousing applica-
tions.

3.1 Multiquery AND/OR dags

Expression AND/OR dags is a well known way for com-
pactly representing alternative evaluations of an alge-
braic expression [26]. Extending this notion to account
for multiple expressions yields the multiexpression
AND/OR dags that allow, in addition, the represen-
tation of common subexpression sharing between the
expresssions [11, 12]. A particular form of an expres-
sion AND/OR, dag distinguishes between AND nodes
and OR nodes [25], and has been developed initially for
performing cost-based query optimization. We use here
this form of multiexpression AND/OR dags, extended
with marked nodes to account for views materialized at
the DW. A similar notion is used in [31, 32, 33].

DEFINITION 3.1. Given a set of expressions E defined
over a set of views (and/or relations) U, a multiezpres-
sion AND/OR dag G for E over U is a bipartite dag.
The nodes of G are partitioned in AND nodes and OR
nodes. An AND node is called operation node and is
labeled by an operator, while an OR node is called view
node and is labeled by the expression (view) it com-
putes. In the following we may identify nodes with their
labels. An operation node has one or two outgoing edges
to view nodes, and one incoming edge from a view node.
A view node has one or more outgoing edges (if any) to
operation nodes, and one or more incoming edges (if
any) from an operation node. G is not necessarily a
rooted dag (that is, it does not necessarily have a single
root). All the expressions in E appear in G. All the root
nodes of G are view nodes labeled by expressions in E
(but not all the expressions in E label necessarily root
nodes). The sink nodes in G are labeled by views in U.
View nodes in a multiexpression AND/OR dag can be
marked. Marked nodes represent materialized views. O

Sometimes, we may refer to a multiexpression AND/OR
dag without mentioning the set of expressions E and/or
the set of views U.

We also need the notion of a subdag of a multiexpression
AND/OR dag:

DEFINITION 3.2. A subdag G’ of a multiexpression
AND/OR dag G is a multiexpression AND/OR dag such
that:

(a) Dag G’ is a subdag of dag G.

(b) If an operation node of G is in G, all its child view
nodes in G are in G'.

(c) The marked nodes in G that appear as nodes in G’
are the only marked nodes in g'. O

A multiexpression dag is a special case of a multiex-
pression AND/OR, dag that provides a single way for
evaluating multiple expressions.



DEFINITION 3.3. A multiezpression dag for a set of
expressions E over a set of views U is a multiexpression
AND/OR dag for E over U such that no view node in
it has more than one outgoing edge. a

We can now define multiquery AND/OR dags.

DEFINITION 3.4. Consider a set of queries Q defined
over a set of source relations R and a set of materialized
views W over R. A multiquery AND/OR dag G is an
expression AND/OR dag for QUW over R such that:

(a) All and only the view nodes in W are marked nodes
ing.

(b) All and only the sink nodes in G are labeled by
source relations in R.

The view nodes representing (and labeled by) the queries
in Q are called query nodes. Those representing source
relations are called source relation nodes. A multiquery
dag G is a multiexpression dag for Q U W over R that
is a subdag of G. O

We will not go into the details of multiquery AND/OR
dag construction. In the following, we assume that
a multiquery AND/OR dag G for a set of queries Q
is given. A multiquery AND/OR dag constitutes the
space from which we draw information on queries, mate-
rialized views, source relations, alternative ways of eval-
uating queries and propagating source relation changes,
and subexpression sharing.

3.2 Query evaluation and changepropaga-
tion dags

Consider a set of queries Q over a set of source relations
R and a multiquery dag G. Queries are evaluated using
query evaluation dags.

DEFINITION 3.5. A query evaluation dag in G for a
query @ € Q is a multiexpression dag G¢, subdag of G,
such that:

(a) Gq is rooted at Q.
(b) All and only the sink nodes of Gg are marked nodes
or source relation nodes. a

Source view changes are propagated to the materialized
views using change propagations dags.

DEFINITION 3.6. A change propagation dag in G for
a source view node R € R is a multiexpression dag Gr,
subdag of G such that:
(a) All the marked view nodes that are ancestor nodes
of R in G are present in Gr.
(b) The root nodes of Gr are marked nodes.
(c) All the sink nodes in Gr are marked nodes or source
relation nodes of G, and R is one of them.
(d) The non-sink marked nodes in Ggr are ancestor
nodes of R. m|

Clearly a change propagation dag is a connected graph.
Note that the change propagation dags for the same
source relation in different multiquery dags can be dif-
ferent. Further, change propagation dags for different
source views in the same or different multiquery dags
can be identical.

3.3 Sourcerelation change propagation
We consider two types of changes: insertions and dele-
tions. Modifications are modeled by deletions followed
by insertions. Using change propagations dags for the
source relations in the same multiquery dag, we can
propagate source relation changes to the materialized
views that are affected by these changes. The material-
ized views that are affected by the changes of a source
relation R are those that are ancestor view nodes of R
in a change propagation dag. Change propagation dags
allow the efficient propagation of the changes: common
subexpressions between different maintenance expres-
sions are taken into account in order to avoid their re-
computation. Futhermore, materialized views are ex-
ploited and are not recomputed from scratch.

The changes are propagated along a change propagation
dag for a source relation R bottom-up. The starting
point is node R whose changes are transmitted by the
corresponding source and therefore are available. The
sources can also filter source relation changes that are
irrelevant, that is changes that have no effect on the
state of the materialized views, independently of the
source relation state [3, 20]. The changes of a view
node are computed using the change of its child view
nodes. In order to avoid wasteful insertions and dele-
tions, as well as wasteful data transmissions, we assume
that the bag of tuples to be inserted into view V, VV/,
and the bag of tuples to be deleted from V, AV are

defined to be strongly minimal [8]: VV = V = () and
VV min AV = (). This means that a tuple occurs in the
materialized view at least as many times as in the mul-
tiset of tuples to be deleted from the view, and that the
multiset of tuples to be deleted from and the multiset
of tuples to be inserted into a view do not have any tu-
ple in common. Therefore, we can use the maintenance
expressions provided in [8] for the typical algebraic oper-
ators, and in [23] for the generalized projection operator
in order to compute the changes of a view node using
the change of its child view nodes.

The maintenance expressions involve, in general, the
pre-update state of the child view nodes (that is their
state prior to the application of the changes), the pre-
update state of the view node, and the changes of the
child view nodes. If a view, involved in an expression,
is a materialized view, its pre-update state is available.
Otherwise, it is computed recursively by its child view
nodes in Gr. When the changes of a view node W in Ggr
are computed, they are applied to it if it is a marked
node (materialized view). However, if the pre-update
state of W is needed in Gr, this application is postponed
until the changes and the pre-update state (if needed)
of the parent view nodes of W are computed.



3.4 Redundant views

When computing the changes of a view node using the
changes of its child view node(s) in a change propagation
dag, the pre-update state of this view node and/or the
pre-update state of its child view node(s) may not be
needed.

If a view node is a marked node, its pre-update state is
available. The pre-update state of a non-marked view
node V is computed from the pre-update state of its
child view node(s). If the pre-update state of V' is not
needed, neither for the computation of the changes of
V nor by any of its parent view nodes, V is useless in

gr.

More generally, given a multiquery dag G, a view node in
G is redundant if it is not used in any query evaluation
dag in G, it is not an initially materialized view, and
it is useless in all the change propagation dags in G
that propagate source relation changes to the initially
materialized views, and to the materialized views that
are used in the query evaluation dags in G.

If a materialized view V is redundant in G it can be
made virtual without affecting the query evaluation cost
of G. The view maintenance cost of G is reduced since
no changes need to be applied to V' and the computation
of the changes of V' is possibly avoided. A process for
detecting redundant materialized views in a multiquery
dag is provided in [31].

4. THE DESIGN GOALSIN TERMS OF
EXPRESSION AND/OR DAGS

We show in this section how the design goals can be ex-
pressed in terms of expression AND/OR dags. This will
allow their use by the design algorithms that operate on
expression AND/OR dags. We start by discussing cost
model issues.

4.1 Cost model

Consider a set of queries Q = {Q1,...,Qm} over a set
of source relations R = {R1, ..., R,}, and a multiquery
graph G.

Let G, be the query evaluation dag for Q;, i =1,...,m
in G. E(Gg,) denotes the cost of evaluating @); using
Go,. The query evaluation cost of G is

E(G) =) fo:E(Ga)-

Let Gr; be the change propagation dags for Qi, i =
1,...,nin G. M(Gg,) denotes the cost of propagating
the changes of R; to the materialized views using Grg;.
The view maintenance cost of G is

M©G) =" fa, M(Gr,).

The operational cost of G is
0(9) = c1 E(G) + c2 M(G).

c1 and c» are constants, set by the DW designer, that
indicate the importance of the query evaluation cost vs
the view maintenance cost. One of them can be 0 if the
corresponding cost is not of interest in a specific design
problem. Suppose that SG is a set of multiquery dags.
The operational cost of SG is

O(SG) = gng'éréO(g).

Let V be the set of views additionally materialized in
the DW. The storage cost for the materialized views in
V is denoted S(V).

The time needed to transmit the changes of source rela-
tion R from the remote source to the DW is denoted tg.
The time period between two consecutive transmissions
from the source relation R is

Tr = 1/fR~

Our approach is independent of the cost model used
to assess E(Gg;) and M(Gg;). The solution returned
though, depends on this model.

4.2 Mapping of the design goals

Consider a multiquery dag G. Suppose that we eval-
uate the queries using the query evaluation dags in G,
and that we propagate source relation changes using the
change propagation dags in G.

The space constraint simply states that
S(V)<S,

where S denotes the space allocated to the DW for ma-
terializing additional views.

The view maintenance cost constraint states that
M(G) < M,

where M is the total amount of view maintenance time
allowed, specified by the DW designer.

Let Gr be the change propagation dag for source re-
lation R in G. If all the sink nodes of Gr are marked
(materialized views) then, clearly, the propagation of
the changes of R can be done using Gr without access-
ing the remote source relations. If a sink node in Gg is a
source relation node, access of the corresponding remote
source is required during the propagation of the changes
of R, unless this sink node is redundant. Therefore,
the self-maintainability constraint requires that in each
change propagation dag a sink nodes is marked node or
a redundant source relation node.

A query can be evaluated without contacting the remote
source relations only if the sink nodes of the correspond-
ing query evaluation dag are marked. This is the re-
quirement of the answerability of the queries constraint
for all the query evaluation dags in G.



For answer data currency constraints, the users specify
a minimal currency required Cg, for every query @,
and every source relation R over which () is defined.
The data currency constraint concerning query ) and
source relation R is satisfied if and only if

Tr +tr + M(Gr) + E(Gq) < CF.

Here, for simplicity, we assume that the changes are not
applied to the materialized views in a change propaga-
tion dag in a specific order. We also assume that the
propagation of the changes of a source relation is not
delayed by that of another source relation.

For the query response time constraints the users pro-
vide a time bound Bg for every query (). Clearly, a
query response time constraint is satisfied if and only if

E(Gq) < Bq.

5. THE SEARCH SPACE

In this section we determine the search space, and we
discuss algorithms for exploring it.

Having expressed the design goals as conditions over
the multiexpression AND/OR, dags, we can determine
the search space for the general view selection problem.
This can be done by an algorithm that takes as input a
multiquery AND/OR dag G containing as marked nodes
the initially materialized views (if there are any), and
systematically examines all the sets of non-materialized
views in G. For each set, it considers that its views are
materialized in G. Then, the set SG of multiquery dags
in G that satisfy all the constraints is computed. If SG
is not empty, V is a point in the search space. The
operational cost associated with V is the operational
cost of SG, that is, the minimal operational cost of the
multiquery dags in SG. A view set associated with the
lowest operational cost is a solution to the problem (if
a solution exists).

The algorithm can be slightly modified to return also
the query evaluation and change propagation dags in
the multiquery dag that has the minimal operational
cost. Different improvements can be devised. These are
out of the scope of this paper, our goal being to show
how the points in the search space and the associated
operational cost are determined.

Clearly such an algorithm is exponential. In [11], the
addressed view selection problem is stated NP- hard.
Most of the works on view selection problems avoid ex-
haustive algorithms. The algorithms adopted fall in two
categories: deterministic and randomized. In the first
category belong greedy algorithms with performance
guarantee [14, 11], 0-1 integer programming algorithms
[39], A* algorithms [12], and various other heuristic al-
gorithms (e.g. [25, 2, 30, 36]) In the second category
belong genetic algorithms [18, 40]. Both categories of
algorithms exploit the particularities of the specific view
selection problem and the restrictions of the class of
queries considered. Under the assumption of the same
class of queries, they are expected to perform equally

well on the general view selection problem, since the
additional constraints of this last one reduces the size
of the search space.

6. CONCLUSION

The initial design of a DW and its evolution require
the selection of views for materialization. This selec-
tion can be done with different design goals each time.
Different view selection problems have been defined and
addressed in the past. We have identified and analyzed
these design goals, and we have unified the different
problems into a general view selection problem that
aims at satisfying all the goals together. In order to
solve the general view selection problem we have used
an AND/OR dag representation for multiple queries and
views. We have mapped the design goals into conditions
over the AND/OR dag structure, and we have outlined
an algorithm that generates the space of view selections
that satisfy the constraints, and returns the optimal so-
lution. Our approach is general in that (a) it considers
a broad class of queries, (b) it deals not only with static
but also with dynamic issues of the design of a DW, and
(c) it encompasses as a special case other view selection
problems that can result by not considering some of the
design goals of the general problem.

We are currently seeking experimental evaluation of our
approach through the use of randomized algorithms that
do not exhaustively explore the search space of the prob-
lem.
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