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Abstract 
 
Less complex object-relational (OR) database 
schemas are more understandable, changeable, 
maintainable and reusable. This paper addresses 
the use of OR metrics to (i) detect complex frag-
ments of OR database schemas, which are candi-
dates to perform refactorings, and (ii) to assess if 
the application of the selected refactorings has 
indeed reduced the schema complexity. The 
schema metrics are formally defined with OCL, 
upon an ontology of the SQL:2003 standard, 
expressed as a UML class diagram. This formal-
ization allows automating metrics collection. 
Although our approach does not point out how to 
select the most adequate refactoring transforma-
tion, it helps designers and developers to pinpoint 
the spots in the database schema where a refactor-
ing is likely to produce a quality improvement. 
An illustrating example is included. 

 

1. Introduction 

To improve the quality of a released software 
product, we need to evaluate quantitatively – by 
means of software measurement - its external and 
internal characteristics. The former can be used to 
conceive quality models from the user’s point-of-
view. The latter can be used in several ways, such 
as promoting best practices on the design phase, 
directing verification and validation efforts or re-
engineering processes. 
 A considerable number of studies has shown 
that software measurement can help enhancing 
software development products and processes, 

namely by allowing to detect high complexity 
parts [15], to forecast and plan testing efforts [12, 
19] and to estimate maintenance efforts [6, 20]. In 
the databases area, metrics have been used to 
assess schema’s quality [3, 7]. 
 One of the most important software quality 
characteristics is maintainability [9], due to its 
economical impact. In fact, a considerable share 
of software development is devoted to software 
maintenance [14, 18]. Since databases are found 
on most software systems, namely in the MIS 
area, the maintainability of database schemas is a 
relevant research area. Our previous work on this 
area includes the formal definition of OR database 
metrics [2]. Our current work is an attempt to 
reduce database maintenance effort, applying the 
formalized set of metrics to database schemas in 
order to guide and assess the result of applying 
transformations that can improve quality, by 
reducing schemas complexity. 
 The research domain that addresses the im-
provement of software quality, while reducing its 
complexity through its internal reformulation is 
referred to as refactoring [21] and it has raised a 
particular interest in the field of object-oriented 
design and programming. In [21] refactoring is 
defined as “the process of changing an object-
oriented software system in such a way that it 
does not alter the external behavior of the code, 
yet improves its internal structure”. 
 In this work, we are particularly interested in 
refactoring database schemas. A database refac-
toring is “a simple change to a database schema 
that improves its design, while retaining both its 
behavioral and informational semantics” [16]. 



 The cornerstone of these definitions is the 
redistribution of elements that compose a piece of 
software (classes, methods, attributes, tables, 
columns, etc) in a way which can facilitate future 
adaptations and extensions, thus making the evo-
lution of software easier. However, choosing 
where to apply a refactoring is often based on 
subjective criteria, rather than on objective ones. 
 In this paper we propose a metrics-based 
approach for assisting database schema refactor-
ings. It combines previous research results (OR 
schema metrics, SQL:2003 ontology and guide-
lines for refactoring) in the following way: (i) we 
instantiate the database schema ontology for a 
given OR schema; (ii) we calculate automatically 
the values of the OR schema metrics; (iii) with 
those metrics we identify candidate schema frag-
ments for refactoring; (iv) the refactorings are 
applied by following the corresponding guide-
lines; (v) finally, we repeat the first two steps for 
the refactored schema, in order to ascertain that 
the transformation has produced the expected 
result (complexity reduction). 
 This paper is organized as follows. Section 2 
introduces a framework to collect database 
schema metrics. Section 3 outlines the metrics 
used to detect refactoring-prone database schema 
fragments, as well as the ontology proposed for 
the SQL:2003 standard. Section 4 describes the 
steps required for applying database refactorings. 
Section 5 illustrates these steps with a simple 
example. Section 6 presents our conclusions. 

2. A framework for collecting OR data-
base schema metrics  

Our approach to formalize metrics definitions (see 
figure 1) uses OCL (Object Constraint Language) 
[13], a part of the UML OMG (Object Manage-
ment Group) standard, and the ontology devel-
oped [4] to represent the newest ISO SQL:2003 
standard [8]. This approach is an extension of the 
one we developed previously, concerning the 
extraction of metrics for object-oriented design 
models [1, 5].  
 The SQL:2003 ontology is represented as a 
UML class diagram, built with the aid of a UML 
modeling tool (1), where well-formedness rules 
are enforced by the use of OCL invariants. The 
OR database schema metrics are expressed as 
OCL operations (selectors) upon the ontology 
classes (2). The limitations on the applicability of 
those metrics are formalized as OCL pre-
conditions upon the corresponding operations. A 
diagram translator, built upon the UML modeling 
tool API, converts the metrics and the ontology to 
a textual format (3) suited for input in an OCL 
expression evaluator. By means of a SQL:2003 
compliant modeling tool, OR database schemas 
are produced (4). To enable metrics extraction, 
the SQL:2003 ontology must be instantiated with 
a concrete example (a OR schema). Using the 
SQL:2003 modeling tool API, a generator creates 
the database schema meta-data in textual format 
to populate the ontology (5). Finally, the OCL 
expressions evaluator allows collecting the for-
malized metrics for the concrete example (6). 

 
 
 
 
 
 

 
 
 
 
 
 

 

Figure 1. The architecture of our approach 
 



 Summarizing, the main benefits of this OCL-
based metrics formalization are: 
• the metrics definitions are unambiguous, due 

to its definition upon the ontology (that pro-
vides the context) and OCL (that provides 
both formality and syntax understandability); 

• the formalization can be used for automating 
the metrics collection process. 

3. Object-relational database metrics 

This section briefly presents both the ontology 
developed to represent the concepts of the 
SQL:2003 standard [4], and the metrics we used  
[3] to detect where to apply refactoring. The 
metrics were defined for any OR database sche-
mas and are calculated here using the elements of 
the SQL:2003 ontology. 

3.1. An ontology for SQL:2003 OR databases 

An ontology representation language should have 
rich and formal abstractions for specifying the 
relevant knowledge of the domain of interest. 
UML class diagrams enriched with well-
formedness rules, expressed with OCL, fulfil this 
purpose. We have used this representation lan-
guage in our proposed ontology for expressing the 
knowledge relative to database schema definition 
as defined in the most recent SQL standard, the 
SQL:2003 [8]. That knowledge could be found in 
parts 1 (Framework), 2 (Foundation) and 11 (In-
formation and Definition Schema) of the standard, 
along with two well-known books on the topic 
[10, 11]. 
 This ontology was divided into two parts. One 
contains the aspects related to data types (Figure 2) 
and the other, the information about the SQL schema 
objects (Figure 3). A complete description of the 
ontology is given in [4]. 

3.2. OR metrics formalized under the proposed 
ontology  

For illustration purposes, the formalization of 
some of the metrics originally defined on [3] is 
shown. Some auxiliary functions were used in the 
formal definition of the metrics, but they are not 

included here due to space limitations. The for-
malization effort can be found in [2]1. 

 
Table Size (TS) 
The Table Size (TS) is defined as the sum of the 
Total Size of the Simple Columns (TSSC) and the 
Total Size of the Complex Columns (TSCC) in 
the table: 

 

TSCCTSSCTS +=

BaseTable:: TS(): Real  
= if self.isKindOf 
 (TypedTable) 
  then 

self.structuredType.
     hierarchySize()
else 
self.TSCC() +  
self.TSSC() 

endif 
 
We consider that all simple columns have a size 
equal to one, so that the TSSC metric is equal to 
the Number of Simple Columns (NSC):  

 
 

NSCTSSC =
 

BaseTable:: TSSC(): 
Integer  
= self.allSimpleColumns() 
  -> size() 

 
TSCC is defined as the sum of each Complex 
Column Size (CCS): 

 

∑
=

=
NCC

i
iCCSTSCC

1
 

BaseTable:: TSCC(): Real 
self.allComplexColumns() 
-> collect(elem:Column | 
elem.CCS()) -> sum 

 
NCC is the Number of Complex Columns in the 
table. 
 
 

                                                 
1 Some auxiliary functions are: 

 
Column:: CCS(): Real = self.SHC() / self.NCU() 
Column:: SHC(): Real = self.dataType.oclAsType 
    (StructuredType).SC() + 
Column:: NCU(): Integer =self.dataType.oclAsType 

  (StructuredType).columnsNumberUsingThis().     
 self.dataType.oclAsType 
BaseTable:: involvedClasses(): 
   Set(StructuredType)= self.complexColumnTypes() ->  
   union(self.allComplexColumns() -> collect(c: Column 

   | c.columnType().oclAsType(StructuredType).  
   allDependencies())-> flatten) -> asset 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Data types sub-ontology 

 
Figure 3.  Schema objects sub-ontology 

 



Number of Involved Classes (NIC) 
The Number of Involved Classes (NIC) meas-

ures the number of classes that compose the types 
of the complex columns of a table, using the 
generalization and aggregation relationships. 

 
BaseTable:: NIC(): Integer  
= self.involvedClasses() -> size 
 
Number of Shared Classes (NSC) 
The Number of Shared Classes (NSC) measures 
the number of involved classes for a table that are 
used by other tables. 

 
BaseTable:: NSC(): Integer  
= self.involvedClasses()   
  -> select(elem: StructuredType| 
            elem.isShared())  

   -> size 

4. Refactoring OR database schemas 

Although the initial design of a software system 
might have been carefully produced, during its 
lifetime it is likely that it will suffer continuous 
evolution. Over subsequent versions there is a risk 
that the design becomes more complex and less 
maintainable, reducing the overall system quality. 
The same may happen with database schemas. In 
this case, database schema refactorings can be 
used to mitigate this quality problem.  
 The refactoring process consists of a number 
of distinct steps [17], summarized below: 

 
1. identify where the refactoring(s) should take 

place; 
2. determine which refactoring(s) should be ap-

plied to the identified software fragment; 
3. guarantee that the identified refactoring(s) 

preserves behavior; 
4. apply the refactoring(s); 
5. assess the effect of the refactoring(s) on soft-

ware quality characteristics (e.g. understand-
ability, maintainability); 

6. maintain the consistency among the refactored 
software artifact and other artifacts (for exam-
ple, if code is refactored, it should be consistent 
with the documentation, with the original re-
quirements or with a test battery). 

 
 For performing step 1, we evaluate a database 
schema with the suggested metrics, to identify 

tables with higher complexity, which hampers 
their understandability and maintainability. We 
call these refactoring-prone tables. The metrics 
presented above, along with others proposed in 
[3], are used to assess several aspects of complex-
ity, such as size and coupling. 
 The appropriate refactoring(s) to apply to the 
refactoring-prone tables (step 2) are then chosen, 
with the aid of a database refactorings catalog 
[16]. Step 3 is beyond the scope of this paper. 
After applying the refactoring (step 4), OR data-
base metrics are collected again upon the refac-
tored tables (step 5) and the results are compared 
with those collected during step 1. If these metrics 
do not grant evidence that the complexity of the 
refactored-prone tables has indeed dropped down, 
then a rollback to step 2 is advised. Otherwise, in 
case of complexity reduction, the changes should 
be propagated to all interested parties (technical 
team) and should be kept consistent with other 
deliverables (step 6).  

5. An Example 

In this section we illustrate, with an example, the 
stepwise application of our proposed approach to 
database schema refactoring. Figure 4 represents 
an OR database schema mapped to the ontology 
entities presented in section 3. This mapping is 
performed by instantiating the ontology, herein 
represented as a UML object diagram. The instan-
tiation depicts one SQLSchema (video and music) 
composed of three tables (customers, movie_titles 
and movie_stars). Each of these tables has several 
columns, either simple or complex ones. The 
metrics values for the tables in this schema are 
shown in Table 1. 

 
 customers movie_stars movie_titles 

NIC 5 5 0 
NSC 3 3 0 

TSSC 6 5 0 
TSCC 3 3 3 

TS 9 8 3 

Table 1.  Metrics values for the example



video_and_music : 
SQLSchema

movie_titles : 
BaseTable

title : 
Column

PK : 
PrimaryKey

year_released : 
Column

tapes_in_stock : 
Column

movie_stars : 
BaseTable

movie_year_released 
: Column

movies_stars_movie_title_not_null : 
TableCheckConstraint

movie_title : 
Column

actor_last_name : 
Column

movies_stars_actor_last_name_not_null : 
TableCheckConstraint

actor_first_name : 
Column

actor_middle_name : 
Column

movies_stars_unique : 
UniqueConstraint

movies_stars_fk_movie_titles : 
ReferentialConstraint

nr_of_customer : 
IdentityColumn

cust_complete_name : 
GeneratedColumn

cust_current_charges 
: Column

customers : 
BaseTable

actor_address : 
Column

phone : 
Column

country_code : 
Column

city_code : 
Column

cust_address : 
Column

name : 
Attribute

number : 
Attribute

kind : 
Attribute

us_address : 
StructuredType

street : 
Attribute

city : 
Attribute

country : 
Attribute

address : 
StructuredType

state : 
Attribute

zip : 
Attribute

row : 
RowType

basic : 
Field

plus4 : 
Field

street_inf : 
StructuredType

east_us_address : 
StructuredType

west_us_address : 
StructuredType

east_number : 
Attribute

west_letter : 
Attribute

general_inf : 
StructuredType

customers_cust_last_name_not_null : 
TableCheckConstraint

supertype

supertype

supertype

supertype

 
Figure 4.  Example of database schema mapped to the SQL:2003 ontology 

 The table size metric (TS) for customers and 
movie_stars has a much higher value compared 
with movie_titles. Besides, those tables present 
high coupling values, as shown by NIC and NSC 
metrics. Therefore, tables customers and 

movie_stars are potential candidates for perform-
ing a refactoring. 
 We applied the following structural refactor-
ings, suggested in [16] to the table customers, in 
the complex column cust_address. 

 



1. To the zip fields (basic and plus4):  combine 
columns representing a single concept. 

2. To address: remove structured type, consider-
ing customers of only one country.  

3. To the schema object name, associated with 
street_inf: move attribute to us_address. 

4. To the schema object number, associated with 
street_inf: move attribute to us_address. 

5. To the schema object name, associated with 
us_address: rename attribute to street_name. 

6. To the schema object number, associated with 
us_address: rename attribute to 
street_number. 

7. To street_inf: remove structured type. 
8. To street: remove attribute. 
9. To general_inf, in order to make it represent 

the attribute kind: replace structured type.  
10. To kind, associated with general_inf: remove 

redundant attribute. 
 
Note that we have generalized the applicabil-

ity of the original structural refactoring, intended 
for Tables and Columns, to Structural Types and 
Attributes, which are also ontology entities. 
 The resulting transformations for the table 
Customers are presented in Figure 5. The other 
tables remain as originally defined. The selected 
refactorings depend upon the experience of the 
database developers, which are responsible for 
verifying that the schema semantics is not vio-
lated. For instance, the elimination of the struc-

tured type in step 2 can only be performed if the 
user requirements allow having only one country. 
 After the refactorings, the metrics are again 
collected. The resulting values, contained in Table 
2, compared to those in Table 1, show a reduction 
both in coupling (NIC and NSC values) and table 
size, for customers and movie_stars. 

 
  customers movie_stars movie_titles 

NIC 2 2 0 
NSC 2 2 0 

TSSC 6 5 0 
TSCC 2.25 2.25 3 

TS 8.25 7.25 3 

Table 2.  Metric values after refactoring 

  
One important remark is that if a table has a high 
value for TS and this is due to a high value for 
TSCC, then refactorings can be employed to 
reduce the complexity of the schema, considering 
the reduction of NIC and NSC. If both the latter 
have high values, the table is highly coupled, and 
then, some refactoring-prone tables can be identi-
fied. In most cases, the table size should not be 
considered alone, because refactorings can even 
increase the value of this metric. It was observed, 
in our experiments, that when the TS value is high 
and also the NIC result is high, refactorings can 
considerably reduce the schema complexity. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Refactoring the table “customers”

cust_address : 
Column

us_address : 
StructuredType

country : 
Attribute

state : 
Attribute

zip : 
Attribute

east_us_address : 
StructuredType

west_us_address : 
StructuredType

east_number : 
Attribute

west_letter : 
Attribute

city : 
Attribute

street_name : 
Attribute

street_number : 
Attribute

general_inf : 
Attribute

 



6. Conclusions and future work 

Using OCL upon an ontology for OR database 
schemas, we formalized, in a previous work [16], 
a set of complexity metrics. This formalization 
solves the problem of ill-definitions and eases the 
metrics collection process. 
 In this paper we addressed the problem of 
pinpointing where to apply refactorings and assess 
if their application was successful, regarding 
database schema complexity reduction. The pre-
liminary results presented herein are encouraging 
on the potential of our approach to assist the 
database schemas refactoring process. 
 As future work, we plan to research the use of 
other OR database metrics [3] for the same aim. 
We also plan to build more elaborate examples for 
empirically validating the OR schema metrics as 
indicators of refactoring-prone tables. The valida-
tion work will use experts’ opinion in controlled 
experiments, by comparing how their proposed 
refactoring-prone tables match with those identi-
fied through the metrics. 
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