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Introduction 
The relational database model used for developing 
an integrated   database for an enterprise relies on 
developing relational schemas which can support 
efficient query processing and are free from various 
anomalies like insertion, deletion and update 
anomalies. Basically two approaches for database 
design have been proposed in the literature viz. 
bottom-up-methodology and decomposition-
methodology. A bottom-up design methodology 
would consider the basic relationships among 
individual attributes as the starting point and it would 
use those to build up relations. Other than the binary 
relational model, this approach is still not popular 
and suffers from the problem of collecting a large 
number of binary –attribute relationships at the 
starting point [4] and Universal relation problem[6]. 
In contrast top-down design methodology would 
start with a number of grouping of attributes into 
relations that have already being obtained from 
conceptual design and mapping activities. Design by 
analysis is then applied to the relations individually 
and collectively, leading to further decomposition 
until all desirable properties are met. The relational 
schema so obtained from the conceptual schema  
have to therefore go through rigorous normalization 
checks based on different types of data 
dependencies occurring. Although more than 100 
data dependencies are known today but the primary 
of them are functional dependencies which are basis 
of  First Normal Form upto Boyce Codd Normal 
Form, the other being Multivalued 
Dependencies(Fourth Normal Form) and Join 
Dependencies (Fifth Normal Form) etc. Practically 
every relational database used in an Enterprise is 
rendered at least in Third Normal Form. Since first 
three normal forms are based on the functional 
dependencies, the designer has first the 
responsibility of identifying the initial set of functional 
dependencies occurring on the relational schemas. 
Since this set may be incomplete at  initial stage and 
similarly may also contain some redundant 
functional dependencies(FD), therefore the closure 
of a set of FDs is computed and then its minimal 
cover is obtained, which is practically a time 
consuming and hectic procedure. Further these 
relational schemas so generated  then undergo 
normalization checks and consequently 
decomposed into multiple schemas. The aim of this 
paper is to remove this hectic process of database 
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designing. In this paper we propose a database 
designing methodology which makes the need of 
normalization redundant. We propose some 
changes in the conceptual database schema 
designing so that the relational schemas so obtained 
from the conceptual schema are themselves in third 
normal form and therefore there is no need to go for 
normalization checks. 
 
For logical database design, there have been many 
methodologies, tools and notations  that best model, 
design and build DBMS applications from analysis 
through to database implementation, the most 
famous and highly applicable was the ER Model[2] 
and subsequently the EER Model[4]. However some 
of the above methodologies were very strict in the 
process and very tool sensitive. The upper CASE 
tools & lower CASE tools were also used and some 
of the organizations preferred the best- of-breed 
solutions. The CASE tools followed a strict process 
and the best-of-breed solutions lacks in providing 
integration and information sharing. The UML had 
both the flavors, it is flexible enough and also 
support the teams involved to work together one 
way and to do their own part as needed [8]. UML 
has therefore become the de-facto standard in the 
Software industry for DBMS development.  We use 
Class Model (also called Class-Diagrams) proposed 
in UML 2.0 for representing the conceptual schema 
of the database.  
We first discuss a formal algorithm to map a class-
diagram into relational schemas and then analyze 
the causes of the violation of the various normals 
forms based on functional dependencies forms in 
the relational schemas. We argue that since the 
conceptual schema is generating un-normalized 
relations therefore there is a scope of some 
improvement in the conceptual schema designing 
itself so that it may always generate normalized 
relations only. We propose rules to change the 
conceptual schema itself so that when relational 
mapping algorithm is applied the result is the 
normalized schema up to 3NF.  
The paper is organized as follows: After discussing 
the introductory concepts in section 1, we present a 
formal class diagram to relational mapping algorithm 
in section 2. In section 3 ,we analyze the various 
causes of violation of normal forms and propose the 
rules to modify the conceptual schema so that the 
result generated is always in the respective normal 
form. 

2. CLASS DIAGRAMS TO RELATIONAL 
MAPPING 
 
Earlier the relational database design approach 
used the Entity-Relationship Diagram [2] to 
represent the logical Model. It was further extended 
to Extended Entity Relationship Diagram (EER 
Diagram)[4] to represent the concepts in a better 
way. Elmasri and Navathe[4] discuss the mapping 
rules to derive a relational schema from the 
conceptual relational schema. However no formal 
algorithm is available in the literature to map the 
class diagram into relational schema, although some 
informal rules have been discussed. In this paper we 
provide a formal algorithm to map the cardinal 
constructs of class diagram into relational schema. 
In this section we present a formal algorithm to map 
the important constructs of the class diagrams into 
database relations based on the approaches 
discussed in [3,8]. 
 
ALGORITHM: 
 
1. For each class in the class diagram create a 
relation. Add simple attributes of the class as the 
attributes in the relation.. If primary key attribute is 
identified in the class, define it as the primary key 
attribute in the newly created relation otherwise 
designate one attribute (or a set of attributes) from 
the class as the primary key of the relation which is 
capable of identifying every row of the table 
uniquely. 
 
2. For every multi-valued attribute of a class , 
create a separate relation. This relation will have a 
joint key composed of the primary key of the class 
along with the multi-valued attribute. 
 
3. For every 1:1 association relationship R 
between the two classes C  & D  , include the 
primary key of C as a foreign  key in the relation 
corresponding to  class D. 
 
4. For every  1 to many(0……*) association 
relationship R between the two classes  C  & D  with 
C on ‘1’ side and D on (0….*) side, include the 
primary key of C as a foreign  key in the relation 
corresponding to  class D. 
 
5. For every many (o….*) to many(o…..*) 
relationship create a new relation . This relation will 



    Global Journal of Enterprise Information System Global Journal of Enterprise Information System Global Journal of Enterprise Information System Global Journal of Enterprise Information System               July 2009-Dec 2009 

          Volume-1 Issue-2 

      

 

PhasePhasePhasePhase----II: Empirical ArticleII: Empirical ArticleII: Empirical ArticleII: Empirical Article    

On Mapping Enterprise Class Model directly into Third Normal Form (3NF) integrated Database    Page 4    

 

have a joint key composed of keys of relations 
corresponding to both the participating entity types. 
 
6. For every participation constraint in the class 
diagrams, create assertion to represent the 
constraint. 
 
7. For every recursive relationship R with 
parent and child roles, create a new relation. The 
key of the new relation will be its child key. 
 
8. For every n-ary association relationship, 
create a new relation R. This new   relation will have 
a joint key composed of primary keys of all the 
relations corresponding to the participating classes. 
 
For sake of brevity we are not providing here an 
implementation example which shows execution of 
the above algorithm , but it can easily be executed 
as given in [4,8].  
 
3. EXTENDING CLASS DIAGRAMS TO AVOID 
VIOLATION OF NORMAL FORMS 
 
In this section we discuss the changes in the  class 
diagrams needed at the time of designing so that the 
relational  schema generated after applying the 
mapping algorithm described in section -3 always 
generates a  normalized schema . We analyze the 
causes of the violation of normal forms by discussing 
every normal form individually. 
 
3.1: NON-FIRST NORMAL FORM CLASS 
DIAGRAM 
 
The relational database theory mentions that a 
relation violates the First Normal Form if  
(i)  it contains  an attribute which can have multiple 
values i.e  it is a multivalued attribute. 
(ii) it is a composite attribute. 
(iii) it contains relations within relations. 
 
As far as violation due to (i) condition is concerned, 
it will never occur because multivalued attributes are 
mentioned explicitly in the class diagrams and 
mapped accordingly ( Rule 2 of Algorithm).  
 
Secondly, in business class diagrams, the attribute 
types usually correspond to units that make sense to 
the likely readers of the diagram (i.e., minutes, 
dollars, etc.). However, a class diagram that will be 
used to generate code needs classes whose 

attribute types are limited to the types provided by 
the programming language, or types included in the 
model that will also be implemented in the system[1]. 
Assuming that the database is implemented in a 
programming language which does not support 
aggregate data structures, we find that the 
composite attributes (ii) will also never propose any 
violation of 1NF as any element belonging to the 
data-type is considered atomic. Moreover since 
there is no provision of creating class within a class 
in Class-Diagrams, so the question of existence of 
relation within a relation does not arise (condition (iii) 
). Therefore   we find that the relation schema 
generated from a class diagram after applying the 
mapping rules will always be in First Normal Form. 
 
 
3.2: NON-SECOND NORMAL FORM CLASS 
DIAGRAM 
 
Since the class diagram generates relations, we 
have to ascertain that the relations generated by the 
class do not contain any functional-dependency 
which violates the 2NF. In this section we analyze 
those functional dependencies whose presence 
violates the satisfaction of 2NF criteria. 
Let R(A1,A2…………………….. 
Ak,Ak+1,………………………An) be a relational 
schema corresponding to a class C in the class 
diagram such that A1,A2…………………….. Ak  is 
the primary key/  candidate key  denoted as “PK” of 
R and Ak+1,………………………An are the non-
prime(NP)attributes of R. The second normal form is 
violated when there exists atleast one partial  
functional dependency     X →Y such that X ⊂  

A1,A2…………………….. Ak  and Y ⊆  
Ak+1,………………………An 
. This shows that since a subset of  PK i.e X is 

capable of functionally determining XUY. Logically 
this must correspond to a separate class in the class 
diagram , then only the real world constraint 
specified by the functional dependency X →Y will be 
satisfied.  So we create a new class say C’  

containing the attributes XUY such that X is a full 
key of  C’. Also the class C will have attributes (PK – 

X)  U  (NK-Y). The new representation will provide a 
better logical design as all the relational schemas 
will now be in 2NF. We formally state the rule as  
follows: 
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RULE 1: 

 
For every functional dependency X →Y where X ⊂

PK and               Y ⊆ NK,  

(i) create a new class C’ such that : 

Attributes (C’) = X U  Y 

and  PK(C’) = X 

(ii) Set Attributes(C)=( PK-X) U  (NK-Y) 

 
We illustrate our rule using the following example: 
Let EMPLOYEE_PROJECT be class in the 
conceptual schema which contains information 

about the employee working on different projects 
In the above class the attribute set (Ssn,Pnumber) is 
the primary-key and the following functional 
dependencies hold on it. 
 
 
Ssn,Pnumber → hours 
Pnumber → Pname 
Pnumber → Plocation 
 
Here both the functional dependencies Pnumber → 
Pname and Pnumber → Plocation violate the 2NF 
condition as both of them are partial dependencies, 
so according to Rule 1 we will create another class 
PROJECTS with the attributes Pnumber, Pname 
and Plocation with Pnumber as the primary key. The 

class EMPLOYEE_PROJECT will contain the 
attributes Ssn, Pnumber, Hours with (Ssn,Pnumber) 
as the primary key. Create a “dependency-
relationship” between the class PROJECTS and 
EMPLOYEE_PROJECT as the class 
EMPLOYEE_PROJECT may use the class 
PROJECT to get the details of the projects in its 
operation therefore the class 
EMPLOYEE_PROJECT is dependent on 
EMPLOYEE. 
Note that the relational schema obtained after 
applying the mapping algorithm will always fetch 
relational schema in 2nf. 

 
 
 

3.3: NON-THIRD NORMAL FORM CLASS 
DIAGRAM 
 
In this section we ascertain that the relations 
generated from  the class-diagrams do not contain 
any functional dependency which violates the third-
normal form.  
Again, let R(A1,A2…………………….. 
Ak,Ak+1,………………………An) be a relational 
schema corresponding to a class C in the class 
diagram such that A1,A2…………………….. Ak  is 
the primary key /  candidate key (PK) of R and 
Ak+1,………………………An are the non-
prime(NP)attributes of R. 
Then R violates the 3NF when there exists atleast 
one functional dependency X→Y such that X,Y   NP. 
According to the given FD X→Y, the set of attributes 
X functionally determine the attribute set Y 
irrespective of R-XY. This shows that there should 
exist a separate class C’ in the class-diagram such 
that the attribute set X is the primary key of the 
relation corresponding to C’ which is denoted by 
RC’ so that  by using the definition of the primary 
key we get, X→XY i.e X→RC’ . 
We should therefore create a  new class C’ 
corresponding to this functional dependency and 
exhibit a 1:M relation between these two classes C 
and C’. The rule can be formally stated as below: 
 
RULE 2: 

Employee_Project 

Ssn: Int 

Pnumber : Int 

Hours: Time 

Pname: String 

Plocation: String 
 

 

Employee_Project 

Ssn: Int 

Pnumber : Int 

Hours: Time 

Get_project_details(p:Project

) 

Project 

Pnumber : Int 

Pname: String 

Plocation: String 
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For every FD X→ Y ,where X,Y ⊆  NP 

(i) Create a new class C’  
in the class 

diagram with attributes       X U  Y  and 

assign attribute set X as the key 
attribute of C’  . 

(ii) Set Attributes(C)=R-( X U  Y ). The PK 

attribute of the class C will remain the 
same. 

(iii) Set a 1:M relationship between the class 
C and C’ such that class C is on the M 
side and class C’ is on the 1 side.  

 
 
Let us consider the following example from an 
Academic- system in which a class Professor is 
shown such that the following FDs hold on the class: 

 
 
 
 
 
Prof_id → Prof_name 
Prof_id → Prof_specialization 
Prof_id → University_name 
Univeristy_name → University_address 
 
 
 
Here Prof_id is the primary key and let us assume 
that there is no candidate key. It can be easily noted 
that the FD University_name → University_address 
violates the definition of 3NF. Also note that the  
“University” is a separate entity and has its own 
existence . Therefore using Rule 2 , we create a new 
class “University” with the attributes 
University_name(PK) and University_address . The 
original class Professor will contain attributes 
Prof_id(PK) , Prof_name and Prof_specilization. We 
will also set a 1:M  association relationship between 
the two classes as shown in the following  
Figure: 

 
 
The new class diagram correctly represents the 
constraint that a professor in only one university but 
a university may employ more than one professors. 
We may also note that the relational mapping 
algorithm (section-2) will now create relations which 
are already in 3NF. 
 
CONCLUSION 
 
In this paper we have analyzed the causes of 
violation of the First three normal forms when a class 
model is  mapped into database relations. We found 
that if aggregate data structures are avoided and 
multivalued attributes are mapped according to the 
relational mapping algorithm proposed by us then 
the relational schema so generated will always be in 
First normal form. We also found that if partial 
dependencies are analyzed carefully and the class 
model is changed suitably so as to accommodate 
some new classes and relationship (RULE 1), then 
the 2NF may always be achieved from the class 
model. We also found that our rule (RULE 2) will 
always lead to a 3NF normalized relational schema 
from a class model. We therefore conclude that if the 
methodology proposed by us is applied carefully at 
the time of conceptual modeling, then there is no 
need of the cumbersome normalization process 
based on the functional dependencies, and the time 
spent in normalizing relational schemas can be 
saved significantly. 
 
FUTURE SCOPE 
This paper proposes a methodology to eliminate the 
need of normalization process in relational database 
design for integrated DBMS of an Enterprise. In the 
present paper we have proposed two rules which 
eliminate the need of normalization upto 3NF based 
on the functional dependencies. But since BCNF is 
also based on 3NF, our focus in the future will be to 
propose a rule for eliminating the need of BCNF and 

Professor 

Prof_id: Int 

Prof_name : String 

Prof_specialization: String 

University_name: String 

University_address: String 

 

Professor 

Prof_id: Int 

Prof_name : String 

Prof_specialization: 

String 

 

 

University 

University name: 

String 

University address: 
String 

 

 

M 1 
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also the other normal forms based on multivalued 
dependency(4NF) and join dependency(5NF). If we 
are successful in implementing these results then it 
may revolutionize the relational database theory as 
there will be no need left to do the normalization of 
the database.  
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