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Abstract

The software industry is increasingly confronted with the
issues of understanding and maintaining a special type of
object-oriented systems, namely enterprise applications. A
specific concern for these applications is to understand the
persistent data (usually stored in a RDBMS), and its ma-
nipulation in the object-oriented source code. While for-
eign keys are an important means for indicating relations
within the persistent data, oftentimes, by looking solely at
the database schema, it is impossible to determine the exact
nature of these relations. This paper proposes a novel ap-
proach for determining a refined understanding of the rela-
tions among the persistent data, by correlating the informa-
tion about foreign keys extracted from the database schema
with the way the data are used in the source code. By an-
alyzing two enterprise systems we found that the proposed
approach helps specifying a significant number of foreign
key constraints in terms of their objectual meaning (e.g.,
if they denote an inheritance or an aggregation relation).
Thus, the approach contributes to enhancing, in an auto-
mated manner, the understanding of a system’s database
schema by tying it to the source code that uses it.
Keywords: data reverse engineering, foreign keys, RDBMS
model, object-oriented model, enterprise applications

1. Introduction

Enterprise applications are about the display, manipula-
tion, and storage of large amounts of complex data and the
support or automation of business processes with that data
[12]. Due to these characteristics, almost all enterprise ap-
plications involve two programming paradigms: the object-
oriented one, for implementing the entire business logic,
and the relational paradigm, for ensuring the persistence of
the involved data. As these systems are more and more en-
countered in the software industry, the issues of understand-
ing and maintaining them become increasingly important.

It has been repeatedly emphasized [1, 12, 22] that the de-
velopment of software systems that involve both paradigms
raises significant understanding and maintenance problems,
especially when it comes to the relations among the two
“worlds”. Therefore, the need of defining advanced reverse
engineering techniques and qualitative methods to support
the development and maintenance of these systems has sig-
nificantly increased.

A substantial number of reverse engineering methods
and quality assessment techniques have been developed for
object-oriented systems [3, 13, 16]. But, when it comes to
understand and evaluate the quality of the relationships ex-
isting within the relational part of the system (i.e., the per-
sistence layer) and of the relationships between the rela-
tional and the object-oriented parts, we are still in need for
more advanced techniques and tools.

These concerns emphasize the increasing role of Data
Reverse Engineering (DRE), i.e., a collection of methods
and tools that help an organization determine the structure,
function, and meaning of its data [6]. DRE is a complex and
expensive task and needs to be supported by program under-
standing and tools [7].

In this paper we propose a novel approach for capturing
the semantics of the relations between the elements of the
persistence layer within an enterprise application, by corre-
lating the information extracted from the database schema
with the insight provided by the usage of the database el-
ements within the source code. The approach enriches the
semantics of database relations established by means of for-
eign keys by revealing its “objectual” meaning (e.g., if the
foreign key denotes an inheritance or an aggregation rela-
tion). Thus, the approach has a twofold benefit:

1. helps to refine the understanding of a system’s
database, leading to an easier maintenance and evolu-
tion of the database schema

2. helps to better understand the key elements of the busi-
ness model as these elements are the main constituents
of the database schema.



The paper is structured as follows: in Section 2 we
present a brief overview of enterprise applications. Next
(Section 3) we state precisely the problem addressed by the
paper. In Section 4 we describe in detail the elements of
the proposed approach. In Section 5 we provide a brief de-
scription of the tool support that ensures the automation of
the entire approach. In Section 6 we describe and discuss
the evaluation of our approach based on the results obtained
from two case-studies. The experiment is aimed to reveal
both the applicability and the accuracy of the approach. The
paper concludes with a discussion on related work (Section
7) and some final remarks concerning the future work (Sec-
tion 8).

2. Enterprise Applications

The main characteristics of enterprise applications are
that they usually involve a significant amount of persistent
data, and user interface screens, together with users that ma-
nipulate the data concurrently [12]. Examples of such sys-
tems are payrolls, insurance, or patient records systems.

Within such applications a key design practice is to de-
couple the commands that ensure the persistence (usually
the persistence is supplied by a database, mostly relational
database) and application logic because mixing them ham-
pers understanding and testing the application. The goal is
to be able to change the user interface (graphic Ul or HTML
based-browser) or the persistence provider without affect-
ing the rest of the application i.e., the application logic.
These constraints lead to a multi-layered architecture, con-
sisting of three primary layers, namely the data source, the
domain and the presentation layer [10].

Enterprise applications can follow a large variety of im-
plementation patterns. Therefore, we must state that in the
rest of the paper we focus on enterprise applications im-
plemented in an object-oriented language (e.g., Java, C#).
Consequently, the main source code entities, belonging to
the aforementioned layers, are those which are common
for the object-oriented paradigm (e.g., methods, classes).
Our second assumption is that persistence is provided by
a relational database (e.g., MySQL, DB2) and that the
communication between the entities belonging to the data
source layer and the relational database is performed by ex-
ecuting SQL commands as embedded strings from well-
known methods as execute Query(String sql), executeUp-
date(String sql).

3. Refining Database Schema Relations

In an enterprise application the two most reliable sources
of information for knowledge recovery are the database
schema and the source code. For each of these there is a
good and a bad part:

e In a RDBMS, while the database schema usually cap-
tures well the key model elements — as this is mainly
what is kept persistent — the ability to express relation-
ships (e.g., using foreign keys) is rather weak [15], be-
ing almost impossible to express precisely the type of
that relation (to differentiate between a part-whole and
a hierarchical specialization relation).

e Concerning the source code the good part is that the
semantics of relationships that can be expressed is
much richer than in the case of database schemas (e.g.,
the explicit inheritance relation, or the containment re-
lation expressed using instance variables [9]). Yet, at
the source code level we have another problem: the el-
ements of the business model are “cluttered” with im-
plementation details, and this makes it hard to distin-
guish between the source code elements (e.g., classes
and methods) that correspond to the business model
and those that are strictly used to support the concrete
implementation.

Consequently, in order to recover the relationships
among business model elements, and thus recover the un-
derstanding of the modeled domain, we need to com-
bine information both from the database schema and the
source code. In this context, we propose a two step ap-
proach to recover these relations:

1. Step 1: We use the information (i.e., tables, columns,
foreign keys) from the database schema to focus (i.e.,
reveal) the classes that store the data from the database.
We calls these classes Data Keepers (see Section 4);

2. Step 2: We extract from the source code the relation-
ships among Data Keepers and use them to refine the
semantics of the foreign key constraints defined among
various tables.

3.1. Relations
Classes

between Tables and

Considering a table T, there can be several ways it can

be linked with the source code:

e Table is not accessed in the source code. In this case
probably the table is just “dead code” and therefore it is
useless to understand its structure and function. In our
approach we denote such tables as being in a N(Not
Used) relation with the source code. Usually this is a
case where the Drop Table refactoring [2] could be ap-
plied.

e Table is used in the source code. In this case we say
that between table T and the source code there is an
U (Used) relation and consequently is worth looking
closer look at T.
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Figure 1. The objectual meaning of a foreign key, as revealed in the source code.

e A special case of usage is when there are one or more
classes whose instances store data from T. As men-
tioned earlier, we call those classes Data Keepers !
and denote the relation between table T and the object-
oriented code as a S (Storing Data) relation. Knowing
the related Data Keepers for a table T provides us with
additional information about the meaning of the data
within table T; furthermore, the methods of these Data
Keeper classes might provide us with information re-
garding the function of the same data.

3.2. Refined Semantics of Foreign Keys

One important relation that connects the elements (i.e.,
tables) of a relational database schema are the foreign keys
constraints. But, as we mentioned before, the semantics of
this relation is very vague as it can denote anything from
a simple dependency to a part-whole relation between the
concepts represented by the two tables.

In order to illustrate the potential semantics of a for-
eign key relation, let’s assume having two tables TFrom
and TTo connected by a foreign key which sets a constraint
on the data from table TF rom with respect to the data from
table TTo. Let us also assume having a Data Keeper class

1 we do not use the Data Transfer Object [12, 21] term because a Data
Keeper might have both access the database and in the same time de-
fine some functionality; but note that every DTO is a Data Keeper.

for each of the two tables — CTo for TTo and CFrom for
TFrom. The data from these two tables connected by the
foreign key may be used in the source code in different
ways, revealing thus various semantics for the foreign key
(see Figure 1):

e There is no interaction between CFrom and CTo. In
this case we consider that this reflects also the rela-
tion among the tables, being possible that table T rom
contains unused data.

e Methods from CFrom call methods from CTo. In this
case we consider that, as well as among the Data
Keeper classes, between the two tables related by the
foreign key there is a D (Dependency) relation. Con-
sequently, the meaning of the foreign key is that data
from TFrom is used together with data from TTo.

e CFrom and CTo are in a part-whole (aggrega-
tion) relation. In this case we consider that the A
(Aggregation) relation characterizes also the tables re-
lated by the foreign key. Consequently, the seman-
tics of the foreign key is that the data stored in TTo is
part of the data stored in TFrom.

e CFromis derived from CTo. In this case we interpret
that the data stored within TF rom is a specialized data
of TTo and, consequently, an I (Inheritance) relation
occurs.



The approach described in detail in the next section en-
ables the detection of the objectual meaning of foreign keys,
i.e., it discriminates between the aforementioned D, A and
I relations. More precisely, the approach “labels” each for-
eign key with a description of its objectual meaning in form
of a 6 characters string (see Figure 2). The first character
denotes if the foreign key relation is explicitly defined in
the database schema or if it is inferred from the joint us-
age of tables in the source code [18]. The next two charac-
ters specify the relation of each of the two tables with the
source code (the N, U or S relations). The last three char-
acters appear in the characterization, if and only if the rela-
tions among the tables and the object-oriented part have the
S type (i.e., for each of the two tables, there is at least one
Data Keeper class). Note, that a foreign key relation might
have none or all the three objectual meanings.

S

3 Is Explicit/Implicit
>» TFrom is N/U/S
>» TTois N/U/S

TFrom is used together
with TTo

N‘S‘D‘A ‘ |‘ —» TTo is part of TFrom
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*

—» TFromis a TTo

Figure 2. Objectual meaning of foreign keys.

Remark. Often we encounter situations where the database
schema relies heavily on naming conventions and in this
context, if there it is a foreign key between a table called
Person and a table called Student, we expect an I objec-
tual meaning and, thus, we can consider superfluous our ap-
proach. But it may happen that this assumption is false, the
data from the tables being totally unrelated by an I RELA-
TION, and our approach can confirm/infirm every assump-
tion of this type we make.

4. Recovering the Meaning of Foreign Keys

Before describing the technique we developed for detect-
ing objectual meaning of foreign keys in enterprise applica-
tions, we first need to summarize the main entities and their
relationships involved in the approach.

Figure 3 shows that on the source code side we mainly
deal with methods and attributes that belong to classes. A
class might be descended from none or more classes. One
of the main source code relations that we are interested in is
that a method can call (or be called by) other methods.
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Figure 3. A meta-model of the main entities
from source code and database.
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On the database side, we find tables that have a num-
ber of columns. Columns have a name and can also have
the special property of being primary key for a table. Con-
cerning the database relations, we are interested in the con-
straints (implicit or explicit) defined by means of foreign
keys among the columns belonging to different tables. On
top of everything, we are most interested in the relation
that connects the two “worlds”, i.e., the source code and
the database. This connection appears in methods — belong-
ing to the data source layer — that access one or more tables
by building and executing queries on the database, this rela-
tion being bidirectional (e.g., a table is accessed by methods
from the data source layer).

Based on this model, we present below how we discover
objectual meaning of foreign keys in enterprise applica-
tions.

4.1. Detecting Relations between Tables
and Code

As we have seen in the previous section, knowing the
N, U and S relations is a mandatory step for recovering the
meaning of foreign key relations. In terms of the aforemen-
tioned model (Figure 3), discovering the N and U relations
between tables and source code requires counting the num-
ber of methods belonging to the data source layer which ac-
cess each inspecting table. Consequently, if the number is
zero, it means that we encounter a N relation, otherwise we
have an U relation.

In order to find if there is a S relation between a table
T and the source code, as well as the causes of the relation
(e.g., the Data Keeper classes corresponding to T), three
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Figure 4. Detection of a Data Keeper class.

operations need to be performed: (i) detect all Data Keeper
classes in the source code; (ii) for each Data Keeper find the
related tables i.e., the tables from which the Data Keeper
stores/retrieves data; (iii) discover for each table the set of
corresponding Data Keepers, based on the previous two op-
erations.

Operation 1: Detect Data Keeper classes. Data Keep-
ers are classes used to “transport” data from/to the database.
The instances of these classes are usually created and used
from methods belonging to the data source layer of the en-
terprise application i.e., from those classes that directly in-
teract (by querying or modifying) with the database. In or-
der to find out the methods from the data source layer we
use our approach from [17]. It takes into account the various
usages of third-party libraries and/or frameworks that are
specific to the data source layer. In this context, a method
is considered to belong to the data source layer if it invokes
one or more methods from a specific library that provides
an API for accessing and processing data stored in a data
source, usually a relational database (e.g., for systems writ-
ten in Java, the method invokes the executeQuery ()
method from the java.sqgl package).

Because Data Keepers store the data transported from/to
the database their detection is done by visiting all the meth-
ods belonging the data source layer and considering all the
classes that are used in these methods as: (i) return types —
for the case where data extracted from the database must be
passed to the other layers of the system; (ii) parameter types
— for the case where data is passed to the data source layer
in order to be stored in the database; (iii) types of local vari-
ables — for the case where multiple data having the same
type are extracted from the database and passed to the other
layers embedded in a predefined collection. Figure 4 sum-
marizes the complete detection rule of a Data Keeper.

Operation 2: Find tables related to each Data Keeper.
We consider for each Data Keeper the following tables as
being related:

e Tables accessed from each data source layer method
that either calls or is called by methods from the Data

Keeper. The reason for this rule is that it ensures find-
ing the tables from which data kept by the Data Keeper
are stored and respectively retrieved.

o the tables directly accessed by the methods from the
Data Keeper. This last case might look confusing, as
we would expect for each Data Keeper class to be-
long only to the domain layer and thus not be responsi-
ble for storing/retrieving data in/from tables. But note
that we reverse engineer legacy enterprise applications
where clear initial design intentions might have be-
come “blurred” during implementation. Thus, we ex-
pect at least some of these Data Keepers that access
also the database tables to reveal signs of design flaws;
yet, this quality assessment is beyond the scope of this
paper.

Operation 3: Find the Data Keepers for each table.
Finding for each table the set of related Data Keepers is just
a processing step based on the results of the previous opera-
tions. The operation is done as follows: for each table T we
iterate over the identified Data Keeper classes and for each
of them check if the T is among the related tables which
were identified during Operation 2. If for T at least a Data
Keeper was found we mark table T as having an S relation
with the source code (see Section 3).

4.2. Detecting the Semantics of Foreign
Key Relations

Discovering the D, A and I RELATIONS between tables
related by foreign keys relies on two categories of input
data: (i) the foreign keys and (ii) the set of related Data
Keepers for each table, which was built during the previ-
ous step (see Operation 3). In Figure 5 we present the al-
gorithm for discovering the D, A and I relations, algorithm
which has to be applied for each pair of classes, possible
nested, (CF rom, CTo) — where CF rom belongs to the group
of Data Keepers related to TFrom and CTo belongs to the
Data Keepers related to TTo.

If CFrom has an attribute whose type is CTo it means
that the data stored in table TTo is part of the data stored by
TFrom and, consequently, between the two involved tables
there is an A relation. The algorithm continues by check-
ing if CFrom extends CTo, regardless the fulfilment of the
previous condition (i.e., it is possible for class CFrom to
aggregate class CTo, as well as to be derived from CTo).
If the second condition is reached we encounter an I rela-
tion. Eventually, we check if there are calls from methods
of CFrom to methods of CTo, in which case a D relation is
established the two corresponding tables (TF rom, TTo) re-
lated by a foreign key.

If none of the previous conditions are satisfied, it means
that the object-oriented source code of the enterprise appli-
cation contains data provided by tables TFrom and TTo re-
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Figure 5. Discover the D, A and I RELATIONS.

lated by a foreign key, but the constraint is not visible in the
source code. It might be possible that only a part of the data
contained by table TF rom is used.

As we can notice, we may encounter an A relation be-
tween TF rom and TTo without having a D relation as well.
At first sight this is not a problem, but in a well-designed en-
terprise application we expect a class to aggregate another
class in order to call the services provided by the aggregated
class. Thus, if there are no calls, this probably means that
among the two keepers that generate the relation the com-
munication occurs via direct accesses of attributes, which is
a violation of the encapsulation principle [11]. Yet, correlat-
ing design flaws with the types of relations between tables
in the involved database is also beyond the scope of this pa-
per.

5. Tool Support

A manual application of the approach presented so far
is infeasible for large-scale enterprise applications; there-
fore, we have developed an adequate tool support for our
technique. From this point of view, the key issue is the
definition and extraction of a proper model that captures
in an unitary manner the entities from the object-oriented
and the relational “worlds” and, most importantly, the rela-
tions between the two (see Figure 6). Thus the model extrac-
tion consists of three parts: (1) extract the model from the
object-oriented source code, (2) extract the model from the
database schema, and (3) extract the interactions between
the object-oriented and the relational part of the enterprise
system.

5.1. Extract the Source Code Model

In order to extract the model of the source code we need
a meta-model which specifies the relevant design entities

interacts with

Database

extract

4 v

interacts with

object-oriented model of code relation_a_l model of database

Figure 6. Design information must be ex-
tracted both from the source code and the
database schema.

found in the modeled paradigm. In our tool support, we use
the MEMORIA [24] meta-model.

The MEMORIA meta-model represents object-oriented
entities as an interconnected set of classes, usually one for
each type of design entity. The fields of a class modeling a
design entity are either elementary properties of that design
entity or links to other related classes. For example, a class
that models the Package design entity is expected to have
an elementary field which stores the name of the package
and a field of type Class [] that establishes its connection
to the classes the package contains.

The model of the source code contains, for each design
entity, an instance of the class representing that particular
entity in the meta-model which is created by a model loader.

5.2. Extract the Database Schema Model

In order to extract the design entities from the database
(i.e., the model) we need a meta-model which specifies the
found entities. In this case, the meta-model must contain en-
tities for representing the tables and columns found in a re-
lational database. Thus, the class (called Tab1e) that mod-
els the table design entity has a name and a field of type
Column[] that establishes its connection to the columns
the table contains. The class Column has several elemen-
tary properties (e.g., name, type, dimension, defaultValue
and properties regarding constrains — isNull, primary and
foreign keys).

We have created a tool called DATES 2 for automat-
ing the entire approach. As part of DATES we developed a
meta-model and a model extractor for relational databases,
in particular MySQL and Microsoft Access.

2 Design Analysis Tool for Enterprise Systems.



5.3. Extract Code-Database Interactions

We mentioned earlier that the methods that ensure the
communication with the relational database belong to a
layer called data source (see Figure 3). Thus, finding the
interactions between the object-oriented and relational en-
tities requires the identification of the methods that belong
to the data source layer. As previously mentioned, we iden-
tify the methods from the data source layer using our ap-
proach from [17].

The Method entity from the object-oriented MEMO-
RIA [24] meta-model, was not initially conceived to reflect
the relation with the database; consequently, we had to en-
rich it with information regarding the operations performed
on a relational database (e.g., delete, insert, select, update).
Furthermore, the Met hod meta-model entity needs to keep
a reference to the group of accessed tables i.e., the tables
used by the method when performing database operations.
We also enriched also the Table entity from the DATES
meta-model with a field having the Method [] type, in or-
der to store the methods that access a table.

We decided to integrate DATES within the TIPLASMA
[20], which is an extensible software analysis environment
for object-oriented systems. This facilitates the implemen-
tation of our approach described in this section and, further-
more, it can help us to take advantage of the quality assur-
ance analyses already defined for object-oriented systems.

6. Evaluation of the Approach

In order to evaluate the approach we have conducted dif-
ferent experiments on several enterprise applications. In this
section we present the results obtained by applying the tools
described in the previous section on two real-world enter-
prise systems. Some characteristics of the analyzed systems
regarding their size, number of classes, methods and tables
are summarized in Table 1. In Table 2 we present more char-
acteristics of the analyzed systems.

| System | Size(KB) | Classes | Methods | Tables |
Payroll 500 115 580 12
CentraView 11°000 1°527 13’369 217

Table 1. The Case Studies in Numbers.

Payroll is an industrial enterprise application used to
manage information about the employees of a company and
their payment. CentraView is an open-source enterprise ap-

plication which provides growing businesses with a central-
ized view of all customer and business information 3.

Payroll | CentraView
Data Source Methods 112 3349
Columns 89 1281
Primary Key 12 170
Foreign Keys 7 247

Table 2. Database Schema Characteristics.

For each system we are going to discuss next the main
findings of refining the meaning of foreign keys, by using
the approach presented in this paper.

6.1. Findings in Payroll

The Payroll application contains 112 methods identified
as belonging to the data source layer, the involved data is
stored in 12 tables and there are 12 primary keys (one pri-
mary key for each table) and no explicit foreign keys. Yet,
when considering also the implicit foreign keys that are
found by analyzing the co-usage of tables in the source code
[18] we fond 7 (implicit) foreign keys.

By applying automatically our approach, only D
(Dependency) relations were detected for the 7 con-
straints. This revealed following aspects:

e cach table involved in the classified constraint is used
in the source code and, moreover, there is at least a
Data Keeper class associated to each table.

e the data stored in each involved pair of tables is used
together (e.g., when we increase the value stored in
the MonthlySalary column belonging to table salary-
history we expect this operation to be performed for a
particular employee).

Performing an in-depth investigation regarding the way
tables are used from the code, we find out that table em-
ployee is used together with other 6 tables (e.g., salary-
history, evaluation, training, training_employee) and table
training_employee is used together with table training, the
last relation being indirectly related to table employee. Due
to the fact that every stored data is related to table employee,
we can say that this table tends to centralize most of data in
the database belonging to the Payroll system. In general this
centralization phenomenon can be either a database design
flaw, or an inherently central table, which is very important
for the understanding of the entire database.

3 http://www.sourceforge.net/projects/centraview



In order to find out whether the relations were correctly
identified we performed a manual investigation. Identifying
correctly the relations between the entities from the existing
relational database in an enterprise application means that:

e among the entities that were classified as being related
— by D RELATIONS - there are no false positives (i.e.,
entities erroneously identified by the approach as be-
ing related).

e among the entities that were not classified as being re-
lated there are no false negatives (i.e., entities which
are related — by A or I RELATIONS — and were not
identified by the approach as being related).

Within the Payroll system the manual inspection did not
reveal any false positives nor false negatives with respect to
the automatic classification provided by our approach.

6.2. Findings in CentraView

This application, as presented in the beginning of this
section, is a large-scale enterprise application which has
1527 classes, 3349 methods belonging to the data source
layer and the involved data is stored among 217 tables.
By taking into account both the explicitly foreign keys and
the implicit constraints detected by analyzing again the co-
usage of tables within the code, we identified 247 relations
among tables.

From the 217 tables we detected only 115 as being used
in the source code, 76 of these being connected in the source
code to one or more Data Keeper classes. In Figure 7 we
present some associations provided by the approach be-
tween tables and theirs Data Keeper classes. From the pro-
vided information, for example, we find out that 4.

(1) Table: literaturerequestlink
Data Keeper: ActivityVO

(2) Table: eventregister
Data Keeper: EventAttendeeVO

(3) Table: ticket
Data Keeper: TimeS1lipDBVO

Figure 7. Some discovered S RELATIONS be-
tween Tables and Data Keeper Classes.

e (1) the data from the literaturerequestlink table is re-
lated to an activity, and we expect the system con-
tains different types of activities (class ActivityVO has
a method getType()).

4 The numbers below are references to the corresponding labels from
Figure 7.

e (2) eventregister contains registrations for a particu-
lar attendee — class EventAttendeeVO contains infor-
mation regarding an event as well as an attendee.

e (3) the information contained into the ticket table is re-
lated to a particular project (class TimeSlipDBVO has
a method which provides the associated projectID, as
well as information retrieved from the ticket table).

Among the 247 foreign keys for which we automati-
cally tried to detect their refined objectual meaning 41 A
(Aggregation) relations were found. This reveals, for exam-
ple, that data stored in the vendor table is part of the data
stored in the payment table, the data stored in the project ta-
ble is part of the data stored in the cvorder table as well
as the data stored in the invoice table, the data stored in
the table addressrelate is part of the data stored in the in-
voice table and a cvfile is part of the data stored in the liter-
aturetable.

The approach also reported 4 I (Inheritance) relations
among tables. Thus, we expect data stored within tables
projectlink, customfieldscalar and customfieldmultiple to be
different types of syncnote. As we can notice, there are only
a few relations of this type and we think this reflects the fact
that among the existing Data Keeper classes there are only
a few inheritance relations.

In CentraView the technique detected 7 relations of D
(Dependency) type. In Figure 8 we present the pairs of ta-
bles that are used together in the source code.

1. cvfilefolder cvfolder

2. cvfilefolder cvfile

3. emailmessagefolder cvfolder
4. cvfilelink cvfile

5. proposallink proposal

6. emailrecipient emailmessage

7. emailrule account

Figure 8. The D relations between tables.

We notice that class ProposalListForm is a reported
cause for more than one relations from Figure 8, collabo-
rating with various data which belongs to different unre-
lated tables. Consequently, we expect this class to imple-
ment more than one functionality. The investigation we per-
form reveals that, indeed, the class provides a lot of func-
tionalities, being affected by the God Class [11] design flaw.
Thus, our approach is useful, beside classifying the rela-
tions among tables, in detecting design flaws related to an
improper use of the data stored in the database but, as pre-



viously mentioned, at this moment we consider this aspect
beyond the scope of our investigation.

Our approach did also detect 2 relations having the (com-
posed) DAI type. An example of such relation is the one de-
tected between table user related by a foreign key to table
individual. This is a very interesting example of an “over-
loaded” relation of a foreign key. On one hand, a user is
an individual (and thus the I (Inheritance) relation); on the
other hand, a user is managing a set of individuals and thus
it also contains the information of those individuals (and
therefore the A (Aggregation relation).

Apart from the aforementioned relations, by applying
our technique we also identified 66 foreign key relations for
which no D, A or I “traits” were detected, although both ta-
bles involved in the relation had at least a Data Keeper. We
analyzed this case in detail and identified two distinct situa-
tions: Incomplete data usage i.e., the CFrom Data Keeper
related to table TF rom does not make use of the data stored
in the referenced table TTo. Common User i.e., the two
Data Keeper classes are used together in order to process
all data from the two existing tables.

The remaining constraints could not be refined any fur-
ther because the two involved tables do not have both at
least an associated Data Keeper in the source code.
Discussion of CentraView. Performing a closer manual in-
spection of the provided relations, we find again several ta-
bles that centralize a lot of information in the database, be-
ing coupled with many other tables. For example, the most
coupled table we found is individual, which is involved in
17 relations, 3 of them being A relations and 2 being DAI
relations. Detecting these central tables and the specificity
of their relations to the other tables is essential for under-
standing the database schema. As our manual inspection
confirmed that the relations that were specified using our
approach were correctly identified, we can indeed state that
knowing the precise nature of the relations defined as for-
eign keys helps indeed for the understanding and knowledge
extraction from the database of enterprise systems. Con-
cerning the number of false negatives, although we didn’t
encounter during our manual inspection any such cases, fur-
ther experiments are needed to assess rigorously the ap-
proach from this point of view.

7. Related Work

Finding the meaning of data stored in the relational
database tables by using different entities related to the in-
volved database has been done previously. For example,
the authors of [25] propose an approach which, beside the
database schema, uses existing screen displays, part of the
user interface, in order to accomplish the goal of DRE. The
approach is applicable for systems written in dBase.

In [5] are presented some idiosyncracies of relational
database design. Some of the presented idiosyncracies can
not be detected using only the database schema and, con-
sequently, the existing meta-model in our approach may be
helpful for a correct identification of some design problems
related to the database schema.

In [14] the authors propose the DB-Main approach
which mainly answers the question: how a change in the
database schema is propagated within the inspected appli-
cation? As the authors claim, in order to use the DB-Main
approach, the database has to be fully documented and
some documentation must be built using reverse engineer-
ing techniques. We think our approach is helpful in order
to provide information regarding the database schema be-
fore applying the DB-Main approach.

In [8] the authors describe a tool specifically designed
for database reengineering which translates the physical
schema of the database into a vendor-independent meta-
model. Our approach, like the mentioned contribution, uses
a proprietary meta-model, despite the fact that the Object
Management Group (OMG) owns the Common Warehouse
Metamodel (CWM) [23], a meta-model intended to bridge
the gap between dissimilar meta-models by providing a
common basis for meta-models. For our needs, we find the
CWM meta-model very complex (e.g., it contains entities
like triggers/stored procedures which we do not use) but in
the future it might replace our meta-model.

In this paper we assume that persistence is provided by
a relational database (e.g., MySQL) and the communica-
tion between the entities belonging to the data source layer
and the relational database is performed by executing SQL
commands as embedded strings. Currently there are also en-
terprise applications where the persistence layer is manipu-
lated by frameworks like Hibernate [4]. In this context we
want to emphasize that our approach can be applied upon
enterprise applications which use such frameworks, but in
this case the information regarding the connections between
the object-oriented part and the relational part will be ex-
tracted also from existing configuring XML files (and, con-
sequently, we need to develop and use a different model
loader).

8. Conclusions. Future Work

This paper is a step forward in enhancing the understand-
ing of persistent data, as part of the maintenance of enter-
prise applications. The proposed approach provides the ob-
jectual meaning of foreign keys, as revealed from the inter-
actions between the source code and database schema i.e.,
the DEPENDENCY, AGRREGATION and INHERITANCE re-
lations. The aforementioned relations exist if and only if the
involved tables have corresponding Data Keeper classes in
the object-oriented source code.



The introduced features require the use of a specific
meta-model for enterprise applications [19] which captures
in an unitary manner the entities from the object-oriented
and the relational paradigms and, most important, the rela-
tions between the two. The approach presented in this pa-
per has shown that the strength of such a meta-model that
bridges the gap between the object-oriented and the rela-
tional “worlds” facilitates a simple expression of analyses
that uses information from both sides.

We have conducted an experiment in which we automat-
ically detected the objectual semantics of foreign keys in
enterprise applications. The experiment reveals that by us-
ing the approach presented in this paper a significant num-
ber of foreign key constraints can be semantically refined;
thus, the approach contributes to a better understanding of
the database schema.

We will focus our future work on the next fronts: (i) we
intend to extend the tool support in order to be able to use
it on enterprise applications written using other technolo-
gies (.NET, different persistence providers, different com-
munication techniques); (ii) we intend to continue the eval-
uation of the introduced approach against other enterprise
applications; (iii) we aim to define some assessment anal-
yses which provide us only with those object-oriented de-
sign entities affected by design flaws which are connected
to an improper use of the data from the database.
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