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education.
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ONTOLOGY-BASED MATERIALIZED VIEWS
FOR REVERSE ENGINEERING: TOWARD
A SET OF CONCEPTUAL GUIDELINES

Oumar Sy’
! Université Gaston BERGER/U.F.R
Sciences Appliquées et de Technologie (Comp. Sc.),
Saint-Louis, Sénégal, oumar.sy@ugb.edu.sn

Abstract

Data reuse and meta-data handling remain tricky problem for both the
designers and managers, especially when schemas reverse engineering is on
demand and that some data are stored in materialized views. In this paper, we
tackle such problem by using ontology-based meta-materialized views. Indeed,
ontologies, which are semantics-based, ensure the stability of the underlying
schemas of the data repositories and to ease the overall access and processing of
the data and meta-data. Our proposal is sustained by a set of conceptual guide-
lines and outlined through a case study example.

Keywords: Relational database, conceptual modeling, domain ontology,
reverse engineering, materialized view, SOL.

INTRODUCTION

The reuse of data and meta-data remain a tricky problem, especially
when the reverse engineering of schemas is on demand. Yet, legacy sys-
tems such as traditional databases and the advanced databases systems,
and the ontologies, must permanently be up to date. In this context, re-
verse engineering is useful for the understanding of existing systems.
Already, in the early 90s, CASE (Computer-Aided systems-Engineering)
tools were used to maintain and enhance existing systems (Chikofsky
and Cross, 1990). Now, according to Gomez-Perez and Ma (Gomez-
Perez and Ma, 1999, pp. 139-156), reverse engineering consists of pro-
ducing a semantic model based on the code in which the data model or
the knowledge model (e.g., an ontology) is implemented. On the other
hand, the use of ontologies for creating more intelligent and effective
enterprise information systems has increased considerably in recent
years (Reynares, Caliusco, Galli, 2015). Indeed, ontologies allow the
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specification of high-level formal conceptualizations (Gomez-Perez,
1999, pp. 6.1.1 - 6.1.18). However, most of the proposed approaches are
not domain independent, such that the developed models are generally
specific to a given domain of real world. Therefore, even for the same
field of application, the reuse is not easy to achieve or not achieved at all
because the common trend is to approach the problem of reverse engi-
neering with object-oriented techniques, e.g., (Reynares, Caliusco, Galli,
2015; Gomez-Perez, 1999; Risti¢, Aleksi¢, Celikovi¢, Dimitrieski, Lu-
kovi¢, 2014; Zhang, Karcher, 2012; Miiller, Jahnke, Smith, Storey, Til-
ley and Wong, 2000; Shatnawi, Seriai, Sahraoui, Alshara, 2016; Alj,
Fernandes, Paton, 2000; Brenner and Glimm, 2017; Koch, Lupei, Tan-
nen, 2016). Conceptual modelling approaches of ontologies for data
integration and reuse have been well developed in (Risti¢, Aleksi¢, Ce-
likovi¢, Dimitrieski, Lukovi¢, 2014; Alberts & Franconi, 2012; Zedlitz
and Luttenberger, 2014), but materialized views were not considered.

Here, we tackle the problem from the semantic models point of
view and mainly when ontologies are considered. Indeed, to the best of
our knowledge, only (Glimm, Kazakov, Liebig, Tran, and Vialard, 2014,
pp-180-195; Volz, Staab & Motik, 2003, pp. 707-724; Volz, Staab &
Motik, 2005, pp.1-34) have dealt with the problem of ontologies' materi-
alization. However, rather than the use of materialized views with ontol-
ogies for reverse reengineering, the authors only discussed ontologies'
storage, without conceptualization of materialized views in the design
process. Moreover, it is not clear how ontologies’ models are linked to
business-data. Thus, we aim to address criticisms on the above works in
the related works.

In the 1990’s, Chikofsky and Cross (Chikofsky and Cross, 1990)
argued that the term ‘’reverse engineering’’ originate from the analysis
of hardware, and defined six terms, namely (i) forward engineering, (ii)
reverse engineering, (iii) redocumentation, (iv) design recovery, (v) re-
structuring and (vi) reengineering. The relationships between these con-
ceptual terms have been rigorously related and defined based on a three-
level's abstraction architecture, conceptually quite similar to the AN-
SI/X3/SPARC architecture dedicated to database schemas design. Such
an architecture stands as the cornerstone in our approach, when aiming
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to conciliate databases (DB) and ontologies, without redefinition of
terms, concepts and methodologies (Sy, Lo, and Duarte, 2010, pp. 269-
276; Sy, Duarte and Dal Bianco, 2018). In (Miiller, Jahnke, Smith, Sto-
rey, Tilley & Wong, 2000, pp. 47-60) ontologies are not mentioned. De-
spite efforts made in the field of reverse engineering (Gémez-Pérez and
Ma, 1999, pp. 139-156), ontologies’ storage within DB repositories has
not been sufficiently investigated. In a previous work (Sy, Duarte and
Dal Bianco, 2018), the meta-model for DB and ontologies designed in a
single lifecycle can efficiently ensure the reverse engineering of both DB
and domain ontology by using materialized views because of its high
semantic-based abstraction degree. Indeed, the better way of achieving
this is to store the roles’ names in the underlying database (Sy, Duarte
and Dal Bianco, 2018), even though UML does not provide an “’explicit
marking of two arbitrary associations as inverses of each other’” (Zedlitz
and Luttenberger, 2014).

Running example: Let U = {R, E, L} where, respectively, R, E, and
L represent Rice Seed, Cereal Seed and Plot-land, and U is the universe
of discourse of the application domain. Let VARIETY (V), STAMP (S),
PURITY (P) and GERMINATION (G) be the properties of E, as shown
at Figure 1.

[
o
]

0.1 Growing L
LD

0'Um<|

Figure 1. UML-based semantic model of the universe U

Knowing the value of S and P, the database manager may update
column G of the underlying table E. using the following instruction:

UPDATE E SET G=93 WHERE (S=‘]’) AND (P="A");

Moreover, knowing that rice seed is a cereal seed, one would like to
propagate those update to all data related with the updated table. This is
feasible thanks to the capabilities of relational databases' management
systems (RDBMS) through triggers, based on keys and foreign keys. A
general and simplified syntax of such triggers is as follows:
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CREATE TRIGGER <trigger name>
BEFORE | AFTER INSERT |UPDATE | DELETE
ON <table name> FOR EACH ROW

<trigger body>

Therefore, let Ri (Ki, Ai, ..., Ak) and Rj (Kj, Bi, ..., BL, #Ki) be
two n-ary relations that represent the concepts Ci and Cj of a given
UML-based semantic model, with Ci £Cj meaning that Cj inherits of all
the properties and features of Ci. Clearly, Tj < Ti, where Ti and Tj are
respectively instances of Ri and Rj.

Now, let denote by Mv (CID, V, G, LID) a materialized view where
LID represents the plot-land identifier. Accordingly, a state of Mv con-
tains the instances of all cereal seeds and plot-lands where they have
been seeded.

The posed problem is how reverse engineering — rebuilding — the
UML-based semantic model of the universe U. Without loss of generali-
ty, the most reliable solution resides on the use of ontologies; with the
assumption that there exists a well-designed meta-model that link the DB
to the ontologies. Accordingly, we propose here a set of conceptual
guidelines for schemas’ reverse engineering by using ontology-based
materialized views (OBMMV4RE).

The rest of the paper is organized as follows. In Sections 1, 2 and 3,
we give a theoretical background comprising conceptual foundations of
the notions of view and of materialized view, the notion of ontology, and
their use in schemas reverse engineering process and reengineering, as
well. Section 4 presents the related work. In Section 5, we discuss the
OBMMVA4RE approach based on a set of conceptual guidelines. A case
study is presented in section 6. Finally, in Section 7, we conclude and
present the direction of our future work.

1. DATA VIEW VS. MATERIALIZED VIEW

A typical data view is a simple named SPJ query to be executed by
the RDBMS. Such named query, consisting of a set of n-ary tuples, is
each time accessed by a user, and recomputed. For example, the code
(under PostgreSQL) below returns, if any exists, the name N, the germi-
nation G and the cultivated area of all rice seeds and the plot of lands
where they are growing.
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SELECT "N" As "Name", "LID" AS "Plot land", "G" As Germina-
tion, "Cultivated area" FROM "Seed", "Cultures"

WHERE "Seed"."CID"="Cultures"."CID";

The relational data view (Codd, 1970, 377-387) is shown at Figure 2.

Data Output

Figure 2. Data view dvGrowingSeeds

Now, let assume that a new tuple of an existing seed variety, e.g.
corn, has been sowed in the plot of land number 5. Thus, whenever these
data are added, to know the current state of the cultivated cereals and the
related data (e.g., plot of lands and cultivated areas), the user must re-run
the query dvGrowingSeeds above. Yet, according to rule 6, “’all views
that are theoretically updatable must be updated by the system’’ (Codd,
October 14, 1985; Codd, October 21, 1985; Rick, 2014). Thus, material-
ized views can be useful by caching the result of queries and allow re-
freshing them, once a user needs to access their content.

As example, the dvGrowingSeeds data view, theoretically updata-
ble, and that we call mvGrowingSeeds, is materialized as follows:

CREATE VIEW public."mvGrowingSeeds"

WITH (check option=local) AS

SELECT "N" As "Name", "LID" AS "Plot land", "G" As Germina-
tion, "Cultivated area" FROM "Seed", "Cultures"

WHERE "Seed"."CID"="Cultures"."CID";

The above view is easily maintainable up to date based on foreign
keys and triggers. However, difficulties can occur for the practical up-
datability with respect to the data and meta-data. Moreover, when facing
with more complex queries, which are frequent in the advanced and so-
phisticated information systems such as the data warehouses and or
Business Intelligent environments, the answer may take more time.
Thus, novelty in the methodologies, rather than in the concepts, is neces-
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sary for efficient solutions. Accordingly, our proposal is the use of on-
tology-based materialized views not for overcoming the complex queries
but especially for ensuring reuse and reverse engineering for recovering
or improving conceptual schemas.

As example, let us assume that seed of wheat (W) have to be added
(See Figure 3, dashed line) and, by the same time, a new tuple of sowed
wheat i1s added. Given the sub-schema that describes the context,
mvGrowingSeeds is still updatable, and from it is possible to rebuild the
semantic model of Figure 1.

E

[e12]

= 0.1  Growing L

s 1.* = |1

P

G

V\ ---- “{disjoint}
[on" N
N
R w !

]
[ —

Figure 3. UML-based semantic model of the universe U (updated)

2. REVERSE ENGINEERING

According to Rick (Rick, 2014), there is no universally accepted
definition of software re-engineering. However, there is a confusion
between reengineering and ‘reverse engineering’’ (Chikofsky and Cross,
1990). Indeed, “’reverse engineering’’ originates from the analysis of
hardware. Precisely, it was defined as the “’process of developing a set
of specifications for a complex hardware system by an orderly examina-
tion of specimens of that system’’ (Chikofsky and Cross, 1990). In the
field of software systems, several formulations have been proposed for
defining the notion of reverse engineering. As examples, in (Goémez-
Pérez and Ma, 1999, pp. 139-156), reverse engineering is defined as “a
process of analysing a subject system to identify the system’s compo-
nents and their interrelationships and to create representations of the
system at a higher level of abstraction”. In (Chikofsky and Cross, 1990),
it is defined as “’the process of analysing an existing system in order to
identify its components and their interaction, illustrating it in a different
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or more abstracted form’’. According to (Reynares, Caliusco and Galli,
2015), a reverse engineering approach includes the extraction of infor-
mation from source codes, and documentations; the abstraction of the
extracted information; and the representation of the above abstraction.

In this work, we consider reverse engineering as the process, which
aims to produce a conceptual model based on the code in which the on-
tology has been implemented. Moreover, we emphasize that reverse
engineering is the opposite process of forward engineering that is tradi-
tional process for schemas design starting from the requirements analysis
to the internal level. For a better understanding, borrowing the schema
given in (Chikofsky and Cross, 1990), these two processes are illustrate
at Figure 4.

Design Iy
(CONCEPTUAL LEVEL) (Int

Forward cngineering Forward engineering

Figure 4. Reverse engineering and related processes between
or within abstraction levels

Accordingly, reengineering is a process between or within abstraction
levels while reverse engineering is a process that covers the entire three-
level architecture, starting from the internal level up to the views’ level.

3. ONTOLOGY-BASED MATERIALIZED VIEW

In the Web Semantic community literature, ontology is defined as a
“’formal, explicit specification of a shared conceptualization’ (Studer,
Benjamins and Fensel, 1998, pp. 161-197). However, there is no consen-
sually accepted definition of the notion of ontology. Thus, in this paper,
an ontology is understood as ‘’a formalization of the universe of the dis-
course as an organized structure, and constrained by a set of axioms,
according to the knowledge domain’’ (Sy, Duarte and Dal Bianco,
2018). More precisely, such formalization is the set O= {2, 1<, A, Q, p, ¢},
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where: . is a set of concepts {Cl, ..., Cn} assigned with a taxonomic
partial order relation 1<Ci, Cj; Aa finite set of attributes {Ai, ..., Am}
describing the concepts Ci 1=1+n; Q is a set of relations; p a relation over
Q assigning to each Ri € Q a domain p dom: Ri — >x2 and a range p
range: Ri —2xQ; and ¢ a set of axioms which hold with the concepts in
2. and the relations over Q.

Accordingly, an ontology-based materialized view (OBMV), can
intuitively be seen as a view built on the basis of O such that it contains
semantic-based knowledge, e.g. rice seed is a cereal seed, or rule-based
knowledge, e.g. a plot of land is a “rice crop”, a “farm land” or a “re-
search station”. Now, since views are built upon concept-based relations
over QQ which involve attributes of A let Fc be the FROM clause of the
SPJ query. We define an OBMV as follow.

Definition — A view V materialized with the CREATE VIEW in-
struction is an OBMYV if and only if Fc satisfies the following condition:

Fc > Ri e QA Cj € X11< Ci, Cj v 1< Cj, Ciie. Fe contains at
least one concept-based relation and it exist a concept Cj such that Cj
subsumes Cj or conversely.

Proposition 1 — Based on the properties of the subsumption relation
1<, an OBMW is an updatable view.

Corollary 1- A well-defined OBMV is an OBMV such that its Fc
contains two concept-based relations Ri Rj A Ci, Cj € X | < Ci,
Ci.v 1< Cj, Ci,

Yet, the semantic model M of an ontology contains at least one tax-
onomic relation.

Corollary 2 — The semantic external model MOV of an OBMV can
be rebuilt using reverse engineering based on properties of the subsump-
tion relation t<,

Corollary 3 — The ontology-based model MO of a given universe ).
can be reconstructed by reverse reengineering according to a unique
well-defined OBMV and MOV.

Indeed, on the basis of Ri (Ki, Ai, ..., Ak) and Rj (Kj, Bi, ..., Bl,
#Ki) that represent Ci and Cj, with Ci < Cj (or conversely), the underly-
ing UML-based sub-model can be redesigned by using reverse engineer-
ing. Moreover, such inheritance deriving from the taxonomic relation t<
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intrinsically implements the well-known functional dependencies (FD) in
RDBs. Yet, any FD graph constitutes a theoretic access structure to the
DB content, including the met-data of the RDBMS. Accordingly, the
relational schema can be rebuilt.

4. RELATED WORK

As previously emphasized, only (Glimm, Kazakov, Liebig, Tran,
and Vialard, 2014, pp.180-195; Volz, Staab & Motik, 2003, pp. 707-724;
Volz, Staab & Motik, 2005, pp.1-34) tackled ontologies' materialization.
However, materialized views were not used for reverse reengineering. In
(Glimm, Kazakov, Liebig, Tran, and Vialard, 2014, pp.180-195), reason-
ing over “’large ABoxes’’ by “’abstraction refinement’’ was the focus.
However, the content — state — of an ontology ABox, obviously, is larger
than the number of axioms in its TBox, which stands as conceptual
schema. Besides, the comparison between ‘’the number of different con-
cept names’’ and “’the number of different individuals’’ is fuzzy.

Incremental maintenance of materialized ontologies was discussed
in (Volz, Staab & Motik, 2003, pp. 707-724; Volz, Staab & Motik, 2005,
pp-1-34). The work in (Volz, Staab & Motik, 2003, pp. 707-724) also
focused on reasoning over ontologies through materialized views. How-
ever, the work is especially declined for the Web Semantic ontologies,
namely RDF/RDFS and the well-known Ontology Web Language
(OWL). In (Volz, Staab & Motik, 2005, pp.1-34), the authors are mainly
interested on ontology-based materialization views, but the technical
approach is based upon logic databases. Nevertheless, the ontology-
based materialized views are not used or related to schema reverse engi-
neering, which is the main goal of this paper. Accordingly, we propose a
set of conceptual guidelines for OBMMV4RE with the aim to create the
missing link between the use of materialized views, ontologies, and re-
verse engineering.

5. OBMMV4RE: TOWARD
A SET OF CONCEPTUAL GUIDELINES

In the aim to develop an efficient methodology for reverse engi-
neering using ontology-based materialized views, we propose a first set
of useful conceptual guidelines as follows:
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* Guideline 1: The DB catalog contains meta-data related to the
ontology meta-model, which completes and enriches the Db schema.

Such ontology meta-model called KBSM (Knowledge-based Se-
mantics Data Model) was proposed in (Sy, Duarte and Dal Bianco,
2018).The KBSM (See Figure 5) is a common meta-schema establishing
a logical link between RDBs and ontologies.

lim Role
x CName RoleName
RecDes
1 '? RoleDesc
Synonym [0.% = Attribute
?;E) Def B AID‘
s}ﬂmg LangDef AttName § *

<> AttDesc

LD

Definition

Figure 5. Knowledge-based Semantics Data Model (KBSM)
of Domain ontologies

* Guideline 3: Based on Corollary 2, building of a semantic exter-
nal model of M®V, by reverse engineering.

* Guideline 4: According to Corollary 3, and based on the meta-
data of the DB catalog enriched by the KBSM whose stored instances
contain, re-build the global model M°.

6. OBMMV4RE: A CASE STUDY EXAMPLE

An overview of our application domain (certified cereal seeds) is
given at Figure 6. In this context, e.g., given a variety Vi of certified rice
seed, one would like to know its breeder (maintainer) and the plot of
land where it is growing or where it has been produced.

PERSON

o) el

STATION

RICE_GARDEN|

CEREAL_SFED|
) < CORN_SEED|
] ce T 1

Crype

Figure 6. A case study: an overview
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Accordingly, let mvBreeders be the materialized view that stores all
farmers (name, country, e-mail) who are rice seed breeders (rice name).
The SQL code is the following:

CREATE VIEW public."mvBreeders"

WITH (check option=local) AS

SELECT "Name", "Country”, "Email", "RName" FROM "Breed-
er" As "B"

WHERE EXISTS (SELECT 1 FROM '"Rice Seed" AS "R"
WHERE "R"."PID"="B"."PID" AND "B"."TYPE"="F’);

As the relation Breeder in the FROM clause Fc of the mvBreeders
view is concept-based and it is subsumed by the concept Person,
mvBreeders is an OBMV. Thus, mvBreeders is updatable. Furthermore,
based on the KBSM’s DB (See Figure 5) and corollaries 2 and 3, the
semantic model of Fig. 6 can be rebuilt.

CONCLUSION

In this paper, we tackled a tricky problem in information systems
and software systems maintenance, namely data and meta-data reuse,
especially schemas reverse engineering based on ontology-based materi-
alized views.

Hence, we first have shown that most of the works, which have
dealt with these topics, were inclusive, i.e. either ontologies or material-
ized views were left out when reverse engineering was on demand.
Moreover, we clarified one again the use and the signification of the
term ‘’reverse engineering’’ often confused with reengineering.

Finally, in our aim to improve the process of reverse engineering,
we proposed a set of conceptual guidelines as useful methodology for
overcoming the existing drawbacks.

However, actually these guidelines are not implemented. Accord-
ingly, the next step in our future work is the experimentation of their
theoretical foundations based on CASE tools that allow reverse engineer-
ing of advanced conceptual schemas as ontology-based ones.
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