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Abstract

Data quality is an unavoidable issue in Data Warehouse systems due to their nature. Quality of data is compromised
throughout the Data Warehouse (DW) lifecycle. This work addresses the completeness data quality dimension applied to DW
hierarchies, which refers to the existence of a parent for each data value in a hierarchy. An incomplete hierarchy can result in
data errors when applying aggregations and navigating cubes. The detection of incomplete hierarchies makes the user aware
of the problem, avoiding biased decisions. As data quality is context-dependent, proper metrics should be defined for each
domain and use case. We propose a generic data quality rule to assess hierarchy completeness, using OWL domain ontologies
as context. With this approach, we obtain a data quality metric that adapts itself to any application domain.

Keywords

Completeness, Context, Data Warehouse, Data Quality

1. Introduction

Data Warehouses (DW) are populated with heteroge-
neous sources, which are re-structured to be queried
from a multidimensional point of view. Multidimensional
operations allow navigating the DW dimensions hierar-
chies, through the aggregation of data. As the quality of
external sources is unknown, the user may obtain dirty
data as the result of multidimensional operations.
Many aspects can be taken into account when trying
to define and measure the quality of data. These aspects
are called DQ dimensions, while the mechanisms for
measuring DQ dimensions are called DQ metrics [1].
This work is part of an ongoing project that proposes
a mechanism for detecting DQ problems in DW systems,
considering context [2]. The general scenario consists
of a final user who wants to measure DQ over her ex-
isting DW. Our approach is to use one or many domain
ontologies as context to define possible DQ metrics. One
of the main challenges is that the DW and the domain
ontologies do not necessarily have the same structure,
and this mismatch must be solved in order to use the
ontology as context for the DW. Well known knowledge
graphs such as Yago [3], DBPedia [4], etc. can be used
as domain ontologies to get available contextual data. In
our approach DQ metrics are defined through DQ rules.
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Figure 1: Incomplete hierarchy

This paper addresses the DQ dimension completeness
applied to hierarchies, a DQ problem that is referred
to as incomplete hierarchies in [5]. The detection of
incomplete hierarchies makes the user aware of data
errors that can be generated when navigating cubes and
applying aggregations. Figure 1 shows an example of
hierarchy incompleteness, where the mall of the store
“st06” is absent. If in the real world store “st06” is located
in a mall, then the data absence represents a DQ problem.
If not, this should not be a completeness problem.

In our work, we propose to use data context for de-
ciding whether there is a completeness problem or not.
Observe that for our approach the context is used as
ground truth or DQ referential.

DQ is often described in the literature as “fitness
for use” [1], in other words, DQ is context dependent
[6,7, 8,9, 10]. DQ can be perceived differently accord-
ing to the user, the location, or the application domain
to which the data correspond. The latter is the charac-
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teristic of the context we use in our approach. In the
literature review presented in [11] about context depen-
dant DQ, authors find a lack of formalization for con-
text in DQ, pointing out that many of the proposals do
not even define the context. [12]. Hurtado-Mendelzon’s
multidimensional model [13] is the foundation for many
other existing specifications. It comprehends the main
DW concepts. One particularity of this model is that
enables the representation of heterogeneous dimensions.
As a consequence of heterogeneous dimensions, using
this model generates the need to handle the problem of
incomplete hierarchies [14, 15]. Our approach tries to
detect whether a hierarchy incompleteness is due to a DQ
problem whereas these works focus on completing the
hierarchies without considering the DQ point of view.

The main contributions of this work are: (i) a solution
for detecting the problem of incompleteness in DW hier-
archies, based on the context, and (ii) the specification of
a DQ rule for hierarchy incompleteness detection (com-
pleteness rule), together with the specifications of the
needed system components and relationships.

The rest of the document is structured as follows: in
Section 2 we present some definitions that are neces-
sary to introduce our completeness rule in Section 3, in
Section 4 we present an example and in Section 5 its
implementation. Finally, in Section 6 we conclude.

2. Previous Definitions

We introduce the DW and context formal specifications
and the correspondences between their elements.

DW Formal Specification The specification of the
DW is based on Hurtado-Meldenzon’s multidimensional
model [13]. We made some minor adaptations to their
model for it to meet our necessities: in this paper, we
introduce the use of tuples instead of atomic elements as
members of categories. We only introduce the notation
needed for understanding this work, details about the
formal model are available in [13, 16].
A dimension schema is a tuple S = (C, /*) where:

« C={c1,...cn} is afinite set of categories.

« Eachc; = (att;,, ..., att;,) isalist of attributes,
representing the characteristics of the category.

+ /' C xC sabinary relation between elements of
C, which represents the hierarchies of dimension
S, and 7 its transitive closure.

A dimension instance for S, is a tuple D = (U, <, mem,),
where:

+ U anon empty finite set of tuples called members.

« t = (valy,...valy) is a tuple of the universe,
each val; is its value for attribute 7 and p is the
length of the list of attributes of mem(t).

« mem : U — C is a total function that for each
value of U returns its category.

» <:U X U is a binary relation between elements
of U that represents hierarchy instances of S, and
is consistent with . <™ is its transitive closure.

In this work it is not necessary for relation < to be ho-
mogeneous nor strict (every member of a category has
exactly one parent in each of the categories above). Both
conditions are required in [13] but not in [16].

Context We use OWL domain ontologies to represent
context. Given an OWL ontology O, we consider its classes
C'L, its object properties O P, and its data properties D P.

« CL={CLy,...CL.}

« OP={0OP:...0P,,}, where dom(OP;) and
range(OP;) are its domain and range.

« DP = {DP\,...DPy,}, where dom(DP;) is
a class and range(DP;) is a data type.

An instance o of O is composed of its classes, data prop-
erties, and object properties instances.

« Class instance. An instance of C'L; is a set of
individuals ¢l; = {cli;,...,cli,}. Therefore,
cl=cliU...Ucl.is an instance of C'L.

« Data Property instance. An instance of DP; is
a relation between an instance of dom(DPFP;) =
CL; and a value of type range(DP;), dp; C
cl; X range(DP;). Therefore, dp C dp1 U ... U
dpgp is an instance of D P.

+ Object Property instance. An instance of OF; is
a relation between an instance of dom(OF;) =
C'L; and at least one instance of range(OP;) =
CLy, op; C clj X 2¢k  Therefore, op C op1 U
... U 0pop is an instance of OP.

DW - Context Mappings The correspondences be-
tween DW and ontology elements are binary relations,
called mappings (only the mappings needed for the com-
pleteness rule are presented). The first argument is the
DW element and the second one is the ontology element.

Consider a DW with n dimension schemas, its cor-
responding dimension instances, an ontology O and its
instance o, as presented in 2.

A value of an attribute of a DW tuple is mapped to an
instance of a data property.

MapVal C (valy, U...Uvaln,, ) X dp

Where val;; = val;; [1]U...Uval;; [k] and k is the num-
ber of attributes of category mem;(t;;). Precondition:
there must exist a mapping at schema level between the
corresponding attribute and the data property schema.



A pair of categories of a DW hierarchy is mapped to
an object property.

MapHier C ((C1 xC1)...U(Ch X Cp)) x OP

Precondition: there must exist a mapping between each
of the categories and dom(OP;) and range(OP;) re-
spectively. Furthermore, mapped categories must be re-
lated through ~*.

An element of the DW can be mapped to more than
one element of the ontologies.

3. Assessing Hierarchy
Completeness Using Context

Our formal DQ rule for hierarchy completeness is based
on the definitions presented in section 2.

According to [5] an incomplete hierarchy is one in
which some of its levels have missing values in one or
more instances. These values can be nonexistent or un-
known. The proposed completeness rule aims to detect
values in a category that do not have a corresponding
value in the immediate superior category and to check
whether or not this situation is consistent with the con-
text. To do so, we detect the tuples that do not have
a parent in the immediate superior category and check
their mapped values in the ontologies, used as referential,
to see if there exists a corresponding value there.

Considering two categories ¢;, and c¢; " of dimension
S; such that ¢;, Ciyrs WE define the set of tuples of
category c;, that do not have a corresponding tuple in
category c;,, as:

A = {t €l;lmem;(t) = c;, A

et 8
—(3t") (mem;(t') = Cip N < )}

To define a completeness rule based on the context, two
preconditions must hold:

» There must exist a mapping between two cat-
egories of a hierarchy and an object property:
MapHier((ciy,, ci,, ), OP;).

+ There must exist a mapping between an attribute
value of a tuple ¢ of category c;, and a data prop-
erty instance dp,, whose domain must be an in-
stance of class dom(OP;): MapV al(t[m], dpy).

These preconditions are shown in Figure 2. The Fig-
ure shows a mapping between the pair of categories
(Category 1 (ci,,), Category 2 (ci,,)) and the object
property OP; : MapHier((ci,, ¢i,, ), OP;). In addi-
tion, attribute value val4 of tuple t = (vald, val5, val6),
which belongs to category c;, , is mapped to instance
dpy of data property D P, whose domain is the class
CL1 = Dom(OP;) : MapVal(t[1],dp,). If all of the
previous conditions hold, then the completeness rule
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Figure 2: Completeness rule preconditions
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Figure 3: Movie Dimension

between category c;, and c; L can be defined as shown
in equation 2.

te Acik’cik/ A(cl,_) € opj — C’ompcik,cikl (¢,0)

tZA @)

cipcip V (cl,_) & opj — C’ompcikycik/ (t, 1)
The presented rule may be aggregated to measure com-
pleteness for a complete hierarchy and not only between
a pair of levels.

4. Example

We consider a Cinema DW that stores the quantity of
tickets sold and contains a dimension called Movie. The
hierarchy goes as Movie — Subgenre — Genre —
A11. Figure 3 shows an instance of Movie dimension.

An ontology populated with data from Yago knowledge
graph for movies, shown in Figure 4, gives context to
Movie dimension. The ontology contains information
about Movies, Subgenres, and Genres and their relations.
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Figure 4: Movies ontology

We want to apply the completeness rule shown in
equation 2 for categories movie and subgenre. To do
so, we define the set Ay,00,subg @s shown in equation 1.

Amov,subg = {t S uMm)ieslmemi(t) = movieA
—(3t")(mem;(t') = subgenre Nt < t')}
= {(m2, Toy Story)}

The necessary mappings are presented in equation 3.
Note that preconditions also hold.

MapVal(Coraline, (mov1, Coraline))

MapVal(The Lion King, (mov2,The Lion King)) )
MapV al(Toy Story, (mov3, Toy Story))
MapHier((movie, subgenre), rdfs: type)

The application of the completeness rule in equation
2 for the movie titled Toy Story is shown in 4. As
(m2, Toy Story) € Amov, subg and (mov3,subg2) €
OPrdf s:type hold, hierarchy completeness between movie
and subgenre categories for this movie is 0.

(m3, Toy Story) € Apmov, subg/
(4)

(mov3,subg2) € oprdfs:type —
Compmo'u, subg(<m37 Toy Story>7 0)

For movies titled Coraline and The Lion King the
result of the application of the completeness rule
is 1, because (ml, Coraline) & Apmov, subgen and
(m2, The Lion King) & Amov, subgen-

5. Implementation and Validation

We use an extended Datalog language with aggregation
functions in order to allow the expressivity of different
DW elements. Even though we used pyDatalog in our
implementation [17], we present our solution using stan-
dard Datalog syntax in the sake of clarity.

Movield

<_main__.movies object at 8x7fceBe948648> | The Lion King

|
|
<_main__.movies object at 8x7fce@e948370> | Toy Story |
|
<_main__.movies object at @x7fceBe9488ed> | Coraline |

Figure 5: Completeness rule result

Data Warehouse Implementation. We follow Dat-
alog definition of a DW’s Dimensions and Hierarchies
presented in [18].

Dimensions: For dimension movie we introduce a pred-
icate DimMo'uie (Xmovie, Xsubgenre, Xgen'l‘e)~
Hierarchies: We introduce a Datalog rule for each element
in relation 7}, e to represent the hierarchy.
Completeness Assessment Implementation. The on-
tologies are managed using a Python library, owlready2
[19] and the DW is implemented using PyDatalog. Map-
pings between Python and Datalog are implemented us-
ing simple Python data structures. Datalog completeness
rule is implemented in pyDatalog. Rules implementation
and datasets are available in [20].

A first validation of the completeness rule was made
by comparing the results obtained by the implementa-
tion against human observation of a small data set. To
this end, hierarchy completeness problems were detected
manually and compared with the automatic completeness
assessment. We used the instance of Movie Dimension
shown in Figure 3 and the movie ontology of Figure 4.

Manually detected values for completeness rule are
shown in section 4 and the result of the execution of the
completeness rule is shown in Figure 5. For the movie
titled “Toy Story”, the manually detected value for com-
pleteness rule is 0, as shown in equation 4. In the excecu-
tion (Figure 5), the same value is obtained for that movie.
For the other two movies the manually detected value
and the obtained in the excecution are also the same.

6. Conclusions

In this work we proposed a general mechanism for DW
hierarchy completeness assessment, considering context
as domain ontologies. We presented the specification of a
completeness rule, as well as the specifications of the con-
cepts needed for supporting the rule, which are the DW,
the domain ontology and the mappings between them.
We also presented an example and an implementation
that show how the proposed mechanism is applied.

We believe that our proposal has a level of abstraction
in the formalizations that enables evaluating hierarchy
completeness for any DW in any context.

This work is being extended building solutions for
other DQ dimensions. Future work includes applying
our proposal to a real world case.
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