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The Object-Oriented Data Model 
A. A data model is a logic organization of the real world objects (entities), 

constraints on them, and the relationships among objects. A DB language is a 
concrete syntax for a data model. A DB system implements a data model. 

B. A core object-oriented data model consists of the following basic object-
oriented concepts: 

(1) Object and object identifier: Any real world entity is uniformly modeled as 
an object (associated with a unique id: used to pinpoint an object to retrieve). 

(2) Attributes and methods: every object has a state (the set of values for the 
attributes of the object) and a behavior (the set of methods - program code - 
which operate on the state of the object). The state and behavior encapsulated 
in an object are accessed or invoked from outside the object only through 
explicit message passing. 

 (3) Class: a means of grouping all the objects which share the same set of 
attributes and methods. An object must belong to only one class as an instance 
of that class (instance-of relationship). A class is similar to an abstract data 
type. A class may also be primitive (no attributes), e.g., integer, string, 
Boolean. 

(4) Class hierarchy and inheritance: derive a new class (subclass) from an 
existing class (superclass). The subclass inherits all the attributes and methods 
of the existing class and may have additional attributes and methods. single 
inheritance (class hierarchy) vs. multiple inheritance (class lattice). 

 

 

Object Structure 

1. The object-oriented paradigm is based on encapsulating code and data into a 
single unit. Conceptually, all interactions between an object and the rest of 
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the system are via messages. Thus, the interface between an object and the 
rest of the system is defined by a set of allowed messages. 

2. In general, an object has associated with it: 
o A set of variables that contain the data for the object. The value of 

each variable is itself an object. 
o A set of messages to which the object responds. 
o A set of methods, each of which is a body of code to implement each 

message; a method returns a value as the response to the message. 
3. Motivation of using messages and methods. 

All employee objects respond to the annual-salary message but in different 
computations for managers, tellers, etc. By encapsulation within the 
employee object itself the information about how to compute the annual 
salary, all employee objects present the same interface. 

Since the only external interface presented by an object is the set of 
messages to which it responds, it is possible to (i) modify the definition of 
methods and variables without affecting the rest of the system, and (ii) 
replace a variable with the method that computes a value, e.g., age from 
birth_date. 

4. Methods of an object may be classified as either read-only or update. 
Message can also be classified as read-only or update. Derived attributes of 
an entity in the ER model can be expressed as read-only messages. 

Object Classes 

1. Usually, there are many similar objects in a DB. By ``similar'', it means that 
they respond to the same messages, use the same methods, and have 
variables of the same name and type. We group similar objects to form 
a class. Each such object is called an instance of its class. E.g., in a bank 
DB, customers, accounts and loans are classes. 

2. The definition of the class employee, written in pseudo-code. The definition 
shows the variables and the messages to which the objects of the class 
respond, but not the methods that handle the messages. 

 

  class employee { 
  /* Variables */ 
  string name; 
  string address; 
  date start-date; 
  int salary; 
  /* Messages */ 
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  int annual-salary(); 
  string get-name(); 
  string get-address(); 
  int set-address(string new-address); 
  int employment-length(); 
 }; 
 
3. Class: (i) captures the instance-of relationship, (ii) the basis on which a 

query may be formulated, (iii) enhance the integrity of OO systems by 
introducing type checking, and (iv) reducing replications of names and 
integrity-related specifications among objects in the same class. 

4. The concept of classes is similar to the concept of abstract data types. There 
are several additional aspects to the class concept beyond those of ADTs. To 
represent these properties, we treat each class as itself being an object. 

Metaclass: the class of a class. Most OODB systems do not support the strict 
notion of metaclass. In ORION, CLASS is the root of the class hierarchy 
(the metaclass of all other classes). A class object includes 

o a set-valued variable whose value is the set of all objects that are 
instances of the class, 

o implementation of a method for the message new, which creates a 
new instance of the class. 

Inheritance 

1. An object-oriented database schema typically requires a large number of 
classes. Often, however, several classes are similar. For example, bank 
employees are similar to customers. 

2. In order to allow the direct representation of similarities among classes, we 
need to place classes in a specialization hierarchy. E.g., Fig.-1 is a 
specialization hierarchy for the ER model. 
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Figure 1:   Specialization hierarchy for the banking example 

The concept of a class hierarchy is similar to that of specialization in the ER 
model. The corresponding class hierarchy is shown in Fig. 2. 

   
Figure 2:   Class hierarchy corresponding to the banking example 

The class hierarchy can be defined in pseudo-code in Fig. 3, in which the 
variables associated with each class are as follows. For brevity, we do not 
present the methods associated with these classes. 
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Figure 3:   Definition of class hierarchy in pseudo-code 

3. The keyword isa is used to indicate that a class is a specialization of another 
class. The specialization of a class are called subclasses. E.g., employee is a 
subclass of person; teller is a subclass of employee. Conversely, employee is 
a superclass of teller. 

4. Class hierarchy and inheritance of properties from more general classes. 
E.g., an object representing an officer contains all the variables of 
classes officer, employee, and person. Methods are inherited in a manner 
identical to inheritance of variables. 

5. An important benefit of inheritance in OO systems is the notion 
of substitutability: Any method of a class, A, can be equally well be invoked 
with an object belonging to any subclass B of A. This characteristic leads to 
code-reuse: methods and functions in class A (such as get-name() in 
class person) do not have to be rewritten again for objects of class B). 

6. Two plausible ways of associating objects with nonleaf classes: 

o associate with the employee class all employee objects including 
those that are instances of officer, teller, and secretary. 
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o associate with the employee class only those employee objects that 
are instances neither officer, nor teller, nor secretary. 

Typically, the latter choice is made in OO systems. It is possible to 
determine the set of all employee objects in this case by taking the union of 
those objects associated with all classes in the subtree rooted at employee. 

7. Most OO systems allow specialization to be partial, i.e., they allow objects 
that belong to a class such as employee that do not belong to any of that 
class's subclasses. 

Multiple Inheritance 

1. In most cases, tree-structured organization of classes is adequate to describe 
applications. In such cases, all superclasses of a class are ancestors of 
descendants of another in the hierarchy. However, there are situations that 
cannot be represented well in a tree-structured class hierarchy. 

2. Example. We could create subclasses: part-time-teller, full-time-teller, etc., 
as shown in Fig. 4. But problems: (1) redundancy leads to potential 
inconsistency on updates; and (2) the hierarchy cannot represent full/part- 
time employees who are neither secretaries nor tellers. 

 
Figure 4:  Class hierarchy for full- and part-time employees. 

3. Multiple inheritances: the ability of class to inherit variables and methods 
from multiple superclasses. 

4. The class/subclass relationship is represented by a rooted directed acyclic 
graph (DAG) in which a class may have more than one superclass. 
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Figure 5:  Class DAG for the banking example. 

5. Handling name conflicts: When multiple inheritance is used, there is 
potential ambiguity if the same variable or method can be inherited from 
more than one superclass. 

6. Example. In our banking example, we may define a variable pay for 
each full-time, part-time, teller and secretary as follows: 

o full-time: pay is an integer from 0 to 100,000 containing annual 
salary. 

o part-time: pay is an integer from 0 to 20 containing an hourly rate of 
pay. 

o teller: pay is an integer from 0 to 20,000 containing the annual salary. 

o secretary: pay is an integer from 0 to 25,000 containing the annual 
salary. 

7. For part-time-secretary, it could inherit the definition of pay from 
either part-time or secretary. We have the following options: 

o Include both variables, renaming them to part-time-
pay and secretary-pay. 

o Choose one or the other based on the order of creation. 

o Force the user the make a choice at the time of class definition. 

o Treat the situation as an error. 

8. Not all cases of multiple inheritance lead to ambiguity. If, instead of 
defining pay, we retain the definition of variable salary in class employee, 
and define it nowhere else, then all the subclasses 
inherit salary from employee (no ambiguity). 
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9. We can use multiple inheritance to model the concept of roles. For example, 
for subclasses, student, teacher and footballPlayer, an object can belong to 
several categories at once and each of these categories is called a role. We 
can use multiple inheritance to create subclasses, such as student-
teacher, student-footballPlayer, and so on to model the possibility of an 
object simultaneously having multiple roles. 

Object Identity 

1. Object identity: An object retains its identity even if some or all of the 
values of variables or definitions of methods change over time.This concept 
of object identity is necessary in applications but doe not apply to tuples of a 
relational database. 

2. Object identity is a stronger notion of identity than typically found in 
programming languages or in data models not based on object orientation. 

3. Several forms of identity: 

o value: A data value is used for identity (e.g., the primary key of a 
tuple in a relational database). 

o name: A user-supplied name is used for identity (e.g., file name in a 
file system). 

o built-in: A notion of identity is built-into the data model or 
programming languages, and no user-supplied identifier is required 
(e.g., in OO systems). 

4. Object identity is typically implemented via a unique, system-
generated OID. The value of the OID is not visible to the external user, but 
is used internally by the system to identify each object uniquely and to 
create and manage inter-object references. 

5. There are many situations where having the system generate identifiers 
automatically is a benefit, since it frees humans from performing that task. 
However, this ability should be used with care. System-generated identifiers 
are usually specific to the system, and have to be translated if data are 
moved to a different database system. System-generated identifiers may be 
redundant if the entities being modeled already have unique identifiers 
external to the system, e.g., SIN#. 
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Assignment:  

Que-1. What are Object oriented Databases? Write down advantages and 
disadvantage. 

Que-2. What are object structures? Explain inheritance & multiple inheritances. 

Edited with the trial version of 
Foxit Advanced PDF Editor

To remove this notice, visit:
www.foxitsoftware.com/shopping

http://www.foxitsoftware.com/shopping

