College of computer technology               
Introduction to database
 Information network department
Lecture 2

====================================================                                                                                                        

Data Model 
         Is a relatively simple representation, usually graphical, of more  abstraction of a more complex real- world object event, a data model represents data structures and their characteristics , relations , constraints , transformations , and , other constructs with purpose of supporting a specific problem domain .

The Importance of Data Models

        Data models can facilitate interaction among the designer, the applications programmer, and the end user, a well- developed data model can even faster improved understanding of the organization for which the database design is developed.

Data Model Basic Building Blokes

Entity: is anything (a person, a please, a thing, or an event) about which data are to be collected and stored. An entity represents a particular type of object in the real world entities are "distinguishable" that is each entity occurrence is unique and distinct. For example, a CUSTOMER entity would have many distinguishable customer occurrences such as Ahmed, Ali, etc.

Attribute: is a characteristic of an entity. For example, a CUSTOMER entity would bed described by a attributes such as customer last name, customer first name, its equivalent of fields in the file systems

Relationship: describes an association among entities for example a relationship exists between customers and agents that can be described as follows: an agent can serve many customers, and each customer may be served by one agent.

Data models use three types of relationships :
· one-to-many(1:M or 1..*)relationships

A painter paints many different paintings, but each one of them is painted by only one painter.
· Many-to-many (M: N or *..*) relationship

An employee may learn many job skills many be learned by  many.  
· one-to-one( 1:1 OR 1..1) relationship

A retail company's management structure may require that each of  its stores be managed by a single employee. In turn, each store manager, who is an employee, managed only a single store.

Constraint: is a restriction placed on the data. Constraints are important because they help to ensure data integrity. And it's normally expressed in the form of rules.

· An employee's salary must have values that are between 6000 and
    350000

· Each class must have one and only one teacher.

Business Rules 
            From a database point of view, the collection of data becomes meaningful only when it reflects properly defined business rules. It’s a brief, precise, and ambiguous description of a policy, procedure, or principle within a specific organization.

Business rules, derived from a detailed description of organizations operations, help to create and enforce actions within that organizations environment, business rules must be rendered in writing and updated to reflect any change in the organizations operational environment, and it must be easy to understand, for example:

· A customer may generate many invoices.
· An invoice is generated by only one customer. 

· A training session can not be scheduled for fewer than 10 employees or for more than 30 employees.
Business rules is essential to db design for several reasons:
· They help standardize the company's view of data.
· They can be a communications tool between users and designers. 

· They allow the designer to understand the nature, role, and scope of the data.
· They allow the designer to understand business processes.
· They allow the designer to develop appropriate relationship participation rules and constraints and to create an accurate data model.
Translating Business Rules into Data Model
· A noun in business rule will translate into an entity in the model.
· Verb associating nouns will translate into a relationship among the entities. 
Example: "a customer may generate many invoices"

· Customer and invoice are objects of interest for the environment and should be represented by their respective entities. 

· There is a "generate" relationship between customer and invoice. 
Data Models Type 
The quest for better data management has led to several different models that attempt resolve the file systems critical shortcomings.

THE HIERARCHICAL MODEL 

It was developed in 1960s to manage large amounts of data for complex manufacturing projects Apollo rocket that landed on the moon in 1969. its basic logical structure is represented by an upside-down tree- its structure contains levels, or segments. Segment is the equivalent of a file systems record type. The top layer (the root) is perceived as the parent of the segment (each parent can have many children, but each child has only one parent)

The hierarchical model had limitations: it was complex to implement, it was difficult to manage, and it lacked structural independence.also, many common data relationships do not conform to the 1: M from, and there were no standards for how to implement the model.
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The Crow's Foot notation is used as the design standard in this book. However, the Chen notation is used to illustrate
some of the ER modeling concepts whenever necessary. Most database modeling tools let you select the Crow's Foot
notation. Microsoft Visio Professional software was used to generate the Crow’s Foot designs you will see in
subsequent chapters.

ONLINE CONTENT

Aside from the Chen and Crow’s Foot notations, there are other ER model notations. For a summary of the
symbols used by several additional ER model notations, see Appendix D, Comparison of Model
Notations, in the Student Online Companion.

Its exceptional visual simplicity makes the ER model the dominant database modeling and design tool. Nevertheless,
the search for better data-modeling tools continues as the data environment continues to evolve.





The Network Model
The network model (1970) was created to represent complex data relationships more effectively than the hierarchical model, in the network model, the user perceives the network database as a collection of records in 1:M relationship. However, unlike the hierarchical model, the network model allows a record to have more than one parent. In network db terminology, relationship is called a set. Each set is composed of at least two record types: an owner record and a member record. a set represents a 1:M relationship between the owner and the member.

Disadvantages is the lack of ad hoc query capability put heavy pressure on programmers to generate the code required to produce even the simplest report, and although  the existing databases provided limited data independence, any structural change in the database still could produce have in all application programs that drew data from the database.
[image: image2.jpg]The hierarchical and network models are largely of historical interest, yet they do contain some elements and
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detail in Appendixes K and L, respectively, in the Student Online Companion for this book. Appendix G is
devoted to the object-oriented (OO) model. However, given the dominant market presence of the relational
model, most of the book focuses on that model.

mz HIERARCHICAL MODEL

The hierarchical model was developed in the 1960s to manage large amounts of data for complex manufacturing
projects such as the Apollo rocket that landed on the moon in 1969. lts basic logical structure is represented by an
upside-down tree. The hierarchical structure contains levels, or segments. A segment is the equivalent of a file
system’s record type. Within the hierarchy, the top layer (the root) is perceived as the parent of the segment directly
beneath it. For example, in Figure 2.1, the root segment is the parent of the Level 1 segments, which, in turn, are
the parents of the Level 2 segments, etc. The segments below other segments are the children of the segment above.
In short, the hierarchical model depicts a set of one-to-many (1:M) relationships between a parent and its children
segments. (Each parent can have many children, but each child has only one parent.)
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The hierarchical data model yielded many advantages over the file system model. In fact, many of the hierarchical data
model's features formed the foundation for current data models. Many of its database application advantages are
replicated, albeit in a different form, in current database environments, The hierarchical database quickly became dominant
in the 1970s and generated a large installed base, which, in turn, created a pool of programmers who knew the systems
and who developed numerous tried-and-true business applications. However, the hierarchical model had limitations: it was
complex to implement, it was difficult to manage, and it lacked structural independence. Also, many common data
relationships do not conform to the 1:M form, and there were no standards for how to implement the model.
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The Relational Model (1970)
The relational model consist of:
· Relation or table as a matrix.

· Tuple: raw in relation.
· Attribute: column in relation.
Advantages

· Tables are related to each other through the sharing of common attribute.
· The tables are independent of another; we can easily associate the data between tables.

· Provides a minimum level of controlled redundancy.
· The relationship type(1:1, 1:M or M:N) is often show in relational model.
· The relational model is powerful and flexible in query language.
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The network model was created to represent complex data relationships more effectively than the hierarchical
model, to improve database performance, and to impose a database standard. The lack of database standards was
troublesome to programmers and application designers because it made database designs and applications less
portable. Worse, the lack of even a standard set of database concepts impeded the search for better data models.
Disorganization seldom fosters progress.

To help establish database standards, the Conference on Data Systems Languages (CODASYL) created the
Database Task Group (DBTG) in the late 1960s. The DBTG was charged to define standard specifications for an
environment that would facilitate database creation and data manipulation. The final DBTG report contained
specifications for three crucial database components:

e The schema, which is the conceptual organization of the entire database as viewed by the database
administrator. The schema includes a definition of the database name, the record type for each record, and the
components that make up those records.

s The subschema, which defines the portion of the database “seen” by the application programs that actually
produce the desired information from the data contained within the database. The existence of subschema
definitions allows all application programs to simply invoke the subschema required to access the appropriate
database file(s).

+ A data management language (DML) that defines the environment in which data can be managed. To
produce the desired standardization for each of the three components, the DBTG specified three distinct DML
components:

- A schema data definition language (DDL), which enables the database administrator to define the
schema components.

- A subschema DDL, which allows the application programs to define the database components that will be
used by the application.

- A data manipulation language to work with the data in the database.

% ©= network model, the user perceives the network database as a collection of records in 1:M relationships.
Siowever, unlike the hierarchical model, the network model allows a record to have more than one parent. In network
Se=ase terminology, a relationship is called a set. Each set is composed of at least two record types: an owner record
et = member record. A set represents a 1:M relationship between the owner and the member. An example of such
& s=lationship is depicted in Figure 2.2,

Commission set Sales set

Payment set

Inventory set Line set
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This chapter’s databases can be found in the Student Online Companion. For example, the contents of the
AGENT and CUSTOMER tables shown in Figure 2.3 are found in the database named Ch02_InsureCo.

the tables are independent of one another, you can easily associate the data between tables. The relational model provides
2 minimum level of controlled redundancy to eliminate most of the redundancies commonly found in file systems.

The relationship type (1:1, 1:M, or M:N) is often shown in a relational schema, an example of which is shown in
Figure 2.4. A relational diagram is a representation of the relational database’s entities. the attributes within those
entities, and the relationships between those entities.

In Figure 2.4, the relational diagram shows the connect-
ing fields (in this case, AGENT_CODE) and the relation-
ship type, 1:M. Microsoft Access, the database software
application used to generate Figure 2.4, employs the =
(infinity) symbol to indicate the “many” side. In this
example, the CUSTOMER represents the “many” side
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e | because an AGENT can have many CUSTOMERS. The
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e TOMER has only one AGENT.

A relational table stores a collection of related entities. In
this respect, the relational database table resembles a file.
But there is one crucial difference between a table and a
file: a table yields complete data and structural indepen-
dence because it is a purely logical structure. How the
data are physically stored in the database is of no concern
to the user or the designer; the perception is what counts.





The Entity Relationship Model 

Peter Chen first introduced the ER data model in 1976: it was the graphical representation of entities and their relationships in a database structure the quickly become popular because it complemented the relational data model complex.

· entity is represented by rectangle

· Relationships: describe associations among data. The ER model uses the term connectivity it may be 1:1 or 1:M or M:N
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To illustrate the main concepts of the object-oriented data model, let’s use a simple invoicing problem. In this case,
invoices are generated by customers, each invoice references one or more lines, and each line represents an item
purchased by a customer. Figure 2.6 illustrates the object representation for this simple invoicing problem, as well as
the equivalent UML class diagram and ER model. The object representation is a simple way to visualize a single object
occurrence.
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As you examine Figure 2.6, note that:

®  The object representation of the INVOICE includes all related objects within the same object box. Note that
the connectivities (1 and M) indicate the relationship of the related objects to the INVOICE. For example, the
1 next to the CUSTOMER object indicates that each INVOICE is related to only one CUSTOMER. The M next
| to the LINE object indicates that each INVOICE. contains many LINEs.
{ ¢ The UML class diagram uses three separate object classes (CUSTOMER, INVOICE, and LINE) and two
| relationships to represent this simple invoicing problem. Note that the relationship connectivities are
| represented by the 1..1, 0.* and 1..* symbols and that the relationships are named in both ends to represent
| the different “roles” that the objects play in the relationship.
| e  The ER model also uses three separate entities and two relationships to represent this simple invoice problem.

| ETHE CONVERGENCE OF DATA MODELS

| Another semantic data model was developed in response to the increasing complexity of applications—the extended
relational data model (ERDM). The ERDM, championed by many relational database researchers, constitutes the
relational model’s response to the OODM. This model includes many of the 00 model's best features within an
inherently simpler relational database structural environment. That's why a DBMS based on the ERDM is often

| described as an object/relational database management system (O/RDBMS).

With the huge installed base of the relational database and the emergence of the ERDM, the OODM faces an uphill
battle. Although the ERDM includes a strong semantic component, it is primarily based on the relational data model’s
concepts. In contrast, the OODM is wholly based on the OO and semantic data model concepts. The ERDM is
primarily geared to business applications, while the OODM tends to focus on very specialized engineering and scientific
applications. In the database arena, the most likely scenario appears to be an ever-increasing merging of OO and
relational data model concepts and procedures, with an increasing emphasis on data models that facilitate Internet-age
technologies.





The Object-oriented (OO) Model

In which both data and their relationship are contained in single structure known as an object .The OO data model is based on the following components: 
· Object: may be considered equivalent to an ER models entity. The objects semantic content is defined through several of the items in this list 

· Attributes: describe the properties of an object.
· Class is a collection of similar objects with shared structure
     (attributes) and behavior(methods) .
· Classes are organized in a class hierarchy are upside-down tree in which each class has only one parent.

· Inheritance is the ability of an object within the class hierarchy to inherit the attributes and methods of the classes above it.
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o e Internet as a prime business tool has drastically changed the role and scope of the database market.
% Evternet's impact on the database market has generated new database product strategies in which the
5 ERDM-O/RDM have taken a backseat to Internet-age database development. Therefore, instead of an
s ERDM-O/RDM data-modeling duel occurring, vendors have been focusing their development efforts on
“=tabase products that interface efficiently and easily with the Internet. The focus on effective Internet
= makes the underlying data model less important to the end user. If the database fits well into the Internet
= precise modeling heritage is of relatively little consequence. That's why the relational model has prospered
¢ components from other data models. For example, Oracle Corporation's Oracle 10g database
00 components within a relational database structure, as does IBM's current DB2 version. In any case, the
=g 2ll other aspects of data storage and access. Therefore, the Internet environment forces a focus on
#= of sustems integration and development through new Internet-age technologies. Such technologies will be
2 = detail in Chapter 14, Database Connectivity and Web Technologies.

Soeminance of the World Wide Web, there is a growing need to manage unstructured data, such as the data found
o today's documents and Web pages. In response to this need, current databases now support Internet-age
@es such as Extensible Markup Language (XML). For example, extended relational databases such as Oracle 10g
= DB2 support XML data types to store and manage unstructured data. Concurrently, native XML databases are
%= market o address similar needs. The importance of XML support cannot be underestimated, as XML is also
s protocol for data exchange among different systems and Internet-based services (see Chapter 14).

Data MODELS: A SUMMARY

“@chation of DBMSs has always been driven by the search for new ways of modeling increasingly complex

data. A summary of the most commonly recognized data models is shown in Figure 2.7.

Comments

Hierarchical

Network

Relational

+ Easy to understand (more semantics)
Entity Relationship * Limited to conceptual modeling
(no implementation component)

g + More semantics in data model

+ Support for complex objects
+ Inheritance (class hierarchy)
7 # Behavior
Shicet ok i Extended * Unstructured data (XML)
5 (Object/Relationa * XML data exchanges





The development of data models   


