

DATABASE SYSTEMS 
 UNIT- IV


UNIT-IV
Database Design and the E-R Model

Overview of the design process

· It is used to design in database schema

· Design programs to access data or update

· Design security schema to control access data 

· Two phase  

· Design phases

· Design alternatives

Design phases

· The high level data model serves the database designer by providing a conceptual framework. 

· The data requirements o the database users, and a database structure that fulfills these requirements.

a) Initial phase

1. The initial phase of database design is to characterize fully the data needs of the prospective database users. 
2. The database designer needs to interact with users for identifying the required data

b) Second phase (Data model)

1. Next, database designer choose a data model for applying the concepts of the chosen data model, translates these requirements into a conceptual schema of the database. 

2. The schema developed at this conceptual- design phase provides a detailed overview of the enterprise.

c) Functional requirements phase:

1. In a specification of functional requirements, users describe the kinds of operations or transactions (modification of data, searching of data, accessing data, deleting data) that will be performed on the data.

d) Implementation phase:

The implementation of the database proceeds in two final design phases.
· In the logical-design phase, the designer maps the high-level conceptual schema onto the implementation data model of the database system that will be used.

· Finally the designer uses the resulting system-specific database schema in the subsequent physical-design phase, in which the physical features of the database are specified.

Design Alternatives

· A major part of the database design process is deciding how to represent in the design the various types of “things” such as people, places, products and the like. 

· In designing a database schema use should avoid the following.

Redundancy: A bad design may repeat information.
Example: In the bank .We have a relation with customer information and a separate relation with account information. Suppose that instead we repeated all of the customer information (name, address, etc.).Once for each account or loan that the customer has.

Incompleteness: A bad design may make certain aspects of the enterprise difficult or impossible to model.

Example: Suppose we used a database design for our bank scenario that stores customer name and address information with each account and loan, but does not have a separate customer relation. It would then be impossible to enter a new customer’s name and address unless that customer has already opened an account or taken out a loan.

The Entity – Relationship Model

· The entity – relationship (E-R) data model was developed to facilitate database design by allowing specification of an enterprise schema that represents the overall logical structure of a database.  

· The E-R model is very useful in mapping the meanings and interactions of real-world enterprise onto a conceptual schema. 

· The E-R data model employs three basic notions 

· Entity Sets

· Relationship Sets

· Attributes

Entity Sets

· An entity is a “thing” or “object” in the real world that is noticeable from all other objects.

· An entity has a set of properties, and the values for some set of properties may uniquely identify an entity.

· An entity set is a set of entities of the same type that share the same attributes.

· An entity is represented by a set of attributes. Attributes are descriptive properties possessed by each member of an entity set. 

· A database thus includes a collection of entity sets, each of which contains any number of entities of the same type.

· A database for a banking enterprise may include a number of other entity sets.

Example: student

· If represent the set of all student in a university.

· Student entity set share the attributes such as ID, name,m1, m2……

Relationship Sets

· A relationship is an association among several entities.

· A relationship set is a set of relationships of the same type (or) collection of same type of relationship.
Example:


Entity: Instructor, Student


Relationship: Advisor


Descriptive attributes:


Relationship may also have attribute which are known as descriptive attribute



· Advisor relationship set will have the attribute data.
· Relationship attributes represent the in E-R diagram by a divided rectangle box and linked by dashed lines.
Binary Relationship set:

More than one relationship set involving the same entity set.

Example:


Entity: instructor, student


Relationship set 1: advisor


Relationship set 2: department advisor

Degree of relationship set:


The number of entity sets that participate in a relationship set is the degree of relationship set.

Attributes:
Definition:

· Attributes are descriptive property possessed by each member of an entity set.

· Each attributes will have values.

· The columns of the tables are generally referred to as attributes.
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Simple attributes: We can’t divide into subparts
· A simple attribute is a composed of a single component with an independent existence.  Simple attributes cannot be further subdivided.

· Simple attributes are sometimes called atomic attributes.


Example: student id, sex, age, salary, etc.,
Composite attributes: We can divide into subparts
· An attribute composed of multiple components, each with an independent existence is called a composite attribute.  
· Some attribute can be further divided to yield smaller components with an independent existence of their own.

Example: Address ( Street number, Area, City, pin code 


Example: Name( first-name, middle-name, last-name
Single valued attributes: It take only one value

· A single-valued attribute is one that holds a single value for a single entity.

· The majority of attributes are single-valued for a particular entity. 

Example: stud-ID
Multivalued attributes: It can take more than one values.

· A multi-valued attribute is one that holds multiple values for a single entity.

· Some attributes have values for a particular entity.


Example: Phone number, music, movies so on.
Derived attributes: Value of attribute can be derived from the value of other related attributes.

· A derived attribute is one that represents a value that is derivable from the value of a related attribute or set of attributes, not necessarily in the same entity.

· Some attributes may be related for a particular entity.


Example: The Age attribute derived from date of birth attribute we can derive the attribute.

· Attributes can also take null values.
Entity-Relational Diagram:
It is used to represent database design graphically or diagrammatically or overall design of database represented in graphically.

i) Basic Structure:


All E-R diagrams consist of the following major components.






Entity Name,


             Attribute list



Diamond =>represented by the relationship set
 
    Undivided   ( Represent entity set                                                     
     rectangle

  Underline 
represented primary key 

Rectangle=> Represent entity set

Ellipses => Represent attributes.

Diamonds =>Represent relationship sets.

Lines =>Link the entity set into relationship set
Double ellipses => represent multivalued attribute
Dashed ellipses =>denote derived attributes
Dashed line =>Link relationship set attributes
Double line => Indicates total participation of an entity in a relationship set
 Double diamonds => Relationship set linked into weak entity set 

Double Rectangle => Represent weak entity sets.



ii) Mapping cardinality:
· The number of tuples (rows) in a relation is called the cardinality of the relation.

· It expresses the no.of entities to which another entity is associated via relationship set.

A. One to One

B. One  to Many

C. Many to One

D. Many to Many

a) One to One

· Each instructor may advice at most on student.

· Each student must have at most are instructor

Entity1
Entity 2

b) One to Many


This indicates that instructor may advice many student but student may have at most one advisor.
c) Many to One

           This indicates that instructor may advice almost one student but student may have many advisor.

d) Many to Many      

                 This indicates that instructor may advice many students and students may have many advisor
       We use direct line (->) and undirected line (-) between the relationship and entity set

iii) Complex attributes:

  It includes the following attributes 
2. 1.Simple

3. 2.Composite

4. 3.Single valued

5. 4.Multi valued

6. 5.Derived 

iv) Roles
     We indicate roles in ER diagram by labeling the lines that connect diamonds and rectangle






Course-id

 Pre req-id
· Here role indicates are course-id and pre req-id
· Then we are setting course-id and as a primary key (course-id)

v) Non Binary relationship set


· More than two entity sets are connected through relationship sets is known non binary relationship set

vi) Weak entity set
· An entity set that does not have sufficient attributes to form a primary key is termed as weak entity set

vii) Strong entity set

· An entity has a primary key as termed as strong entity set
Weak Entity Set:
· An entity set that does not have sufficient attributes to form a primary key is termed as weak entity set. An entity has a primary key as termed as strong entity set.
· Weak entity set said to be existence dependent on the identifying entity set. The identifying entity set is said to own the weak entity set that is identifier.
· The relationship associating the weak entity set with the identifying the entity set is called identifying relationship.

· Weak entity set must be associated with another entity set called identifying entity set or owner entity set.

· The above ER diagram the identifying entity set is loan and the weak entity set is Payment and the relationship between the entities is Loan-payment.

· A weak entity set doesn’t have a primary key and its attributes are set to be discriminator
· Discriminators are denoted by dashed lines and primary key of owner entity set is denoted by underline 
· The primary key of weak entity set is formed by the primary key of the owner set plus the discriminators of the weak entity set
· For example the above the ER diagram the primary key is {L-num, payment-no}
· The discriminators of weak entity set also called partial key of entity set 
· In ER diagram weak entity set is identify via a rectangle like a strong entity set but there are two main difference

 1. The discriminator of weak entity is underlined with a dashed line not a solid line 

   2. The relationship set connecting the weak entity set and the strong entity set is by the double line diamond

· Weak entity set also have more than one owner entity set
Constraints

· An E-R enterprise schema may define certain constraints to which the contents of a database must conform.
· Constraints mean some rules database has the following constrains.

                   I)  mapping cardinalities

                   ii) Participation constraints

                    iii) Keys.

i) Mapping cardinalities;
       It expresses the number of entities to which another entities can e associated via a relationship set.

A) One –to- One:
       Relationship set R between entity set A and B must be one of the following,


                 


· An entity in A is associated with at most one entity in B.

· An entity in B is associated with at most one entity in A.

Example:

· Here entity sets are instructor and student.  The relationship set is advisor.

·  One instructor can advice more than one students.

B) One -to -many:

      * An entity in A is associated with any number of entities in B.

      * An entity in B is associated with almost one entity in A.

c) Many- to- one: 



· An entity in A is associated with at most one entity in B.

· An entity in B is associated with any number of entities in A.
d) Many- to- many:




· An entity in A is associated with any number of entities in B.

· An entity in B is associated with any number of entities in A.

ii) Participation constraints;

There are two types of participation constrains.

· Total participation constrains

· Partial participation constrain.

a) Total participation constraints:

       The participation of entity E is set to total if every entity in E participates at least one relationship with another entity set.  
Example:

      Student, instructor     ( Entity.

      Advisor     (relationship.

· Every student entity to be related to at least one instructor through the advisor relationship.

· Therefore, the participation of student in the relationship set advisor is total.

b) Partial participation constraints:

· If only some entities in E participate in relationship with another entity set then the participation of entity set is set to be partial.   
Example:

      Instructor, student   (Entity

      Advisor   (relationship set.

· Some of the instructor entities are related to the student entity set through the advisor relationship.

· Therefore the participation of instructor in the advisor relationship set is partial.

iii) Key constrains:

   Definition:

· Key is set of attributes that used to distinguish entities from each other.

· Keys also help uniquely identify relationships, and thus distinguish relationship from each other.

· There are several key is database system.

i) Primary key
ii) Super key
iii) Candidate key 
iv) Foreign key
i) Primary key:

      * Primary key is defined as a column (field) in a relation which uniquely identifies a record or a tuple in that relation.

      * There cannot be two primary keys in any table.

ii) Foreign key:

· A column (fields) which exists in one table but which is also a primary key in some other table is called a foreign key.

· It is used to refer another table containing primary key.
iii) Super key:

      * A super key is set of one or more attributes that taken collectively allows as to identity uniquely a tuple in relation (or) entity in a entity set.
      * Super key is set of one or more attributes used to identify a tuple in a relation uniquely.

iv) Candidate key:

· Minimal super keys are called candidate keys.

· In the relationship set R has be attributes associated with it then the set of attributes.

· Primary key (E1) primary key (E2) U primary key(En).

· If the relationship set R has attributes (a1,a2,…….an) associated with in then the set of attributes.

· Primary key (E1) U primary key (E2)U……U primary key (En) U(a1,a2….an)
ENTITY –RELATIONSHIP DESIGN ISSUSES:

It has following issues:

i) Use of entity set versus attributes.

ii) Use of entity set versus relationship set.

iii) Binary versus n-ary relationship sets.

iv) Placement of relationship attributes.

1) Use of entity set versus attributes:

· Here using entity set instead of attributes.
Example:

     Entity set instructor with additional attribute phone number.  We can add one value for the attributed phone number.

· If we create entity set phone number with attributes phone number and location then we can store more than one value for the phone number.

· It takes the above statements are following steps.

i) A phone entity set with attribute phone number and location.

ii) A relationship set instructor phone denoting the association between instructor and the phones.


· Treating a phone as an attribute phone number implies that instructor has one phone number.

Treating a phone as an entity phone which permits instructor to have several phone numbers.

2) Use of entity set versus relationship set:

· Here the relationship set between the entities student and section is takes.

· An alternative is to imagine that there is an entity set registration instead of relationship set takes.

Replacement of takes




· An entity set registration is related to exactly one section.

· Here we have two relationship sets one for relate registration to students and another one for relate registration sections.

Entity set- Registration:

· The entity set representing course registration records.

Student- Registration:

· The relationship set relating registration and students

Section- Registration:

· The relationship set relating registration and course.

3) Binary versus n-ary relationship set:

· Relationship in database are binary sometimes it may be non-binary.

· We can replace non-binary relationship set by a number of distinct binary relationship set.

· More than one relationship set involving the same entity set is called binary relationship set.

· Example:


Entity: instructor, student


Relationship set 1: advisor


Relationship set 2: department advisor

· For example:
     Non –binary relationship set.


· The above relationship set is ternary relationship set in which relationship set R relating entity set A, B &C.





A-Project, B- student, C-instructor.

E- stud-id,ins-id,pro-id

· We replace the relationship set R by an entity set E and create pre-relationship sets R1,R2,R3
· R1 relating E&A.

· R2 relating E&B

· R3 relating E&C

· If the relationship set R had any attributes, they are assigned to entity set E.

Example:


  The relationship set project-guide can be split into binary relationships creating a new entity set.

4) Placement of relationship attributes:

· The cordiality ratio of a relationship can affect the placement of relationship attributes.

i) One to one relationship set:

      * Entity: instructor, student.

      * Relationship: advisor.

      * Attribute: date.
  * Here each student has at most one instructor and instructor has at most one student.

   * The relationship attribute can be associated with either one of the participating entities.

ii) One to many and many to one:

· The relationship set advisor is a one to many relationship set such that one instructor may advise several students

· But each student can be advised by only a single instructor in this case the attribute date which specifies when the instructors become the advisor of a student so here connected into one to one relationship set.       
iii)Many to many:
 This indicates that instructor may advice many students and students may have many advisor.
DATABASE DESIGN FOR BANKING ENTERPRISE:
        We apply the two initial database-design phases, namely the gathering of data requirement and the conceptual schema, to our banking enterprise example.

E-R Design Alternatives:

       The E- model gives us much flexibility in designing a database schema to model a given enterprise. Among the designer’s decisions are: 

· Whether to use an attribute or an entity set to represent an object.

· Whether a real-world concept is expressed more accurately by an entity set or by a relationship set.

· whether to use a strong or a weak entity set; a strong entity set and its dependent weak entity sets may be regarded as a single “object “ in the database, since weak entities are existence dependent on a strong entity.

· Whether using generalization is appropriate; generalization, or hierarchy of ISA relationships, contributes to modularity by allowing common attributes of similar entity sets to be represented in one place in an E-R diagram.

· Whether using aggregation is appropriate; aggregation groups a part of an E-R diagram into a single entity set, allowing us to treat the aggregate entity set as a single unit without concern for the details of its internal structure.

  We shall see that database designer needs a good understanding o the enterprise being modeled to make the various design decisions required.
Data Requirements for the Bank Database:

      The initial specification of user requirements may be based on interviews with the database users and on the signer’s own analysis of the enterprise. Here are major characteristics of the banking enterprise.

· The bank is organized branches.  Each branch is located in a particular city and is identified by a unique name.

· Bank customers are identified by their customer-id values. A customer may be associated with a particular banker, who may act as a loan officer or personal banker for that customer.

· Bank employees are identified by their employee-id values. The bank also keeps track of the employee’s start date and, thus, length of employment.

· The bank offers two types of accounts savings and checking accounts.

· A loan originates at a particular branch and can be held by one or more customers.  A loan is identified by a unique loan number.

Entity Set for the Bank Database:

        Our specification of data requirement serves as the starting point for constructing a conceptual schema for the database.

· The branch entity set, with attributes branch-name, branch-city, and assets.

· The customer entity set, with attributes customer-id, customer-name, customer-street, and customer-city.  A possible additional attribute is bank-name.
· The employee entity set, with attributes employee-id, employee-name, telephone-number, salary, and manager.  Additional descriptive features are the multi valued attribute dependent-name, the base attribute start-date, and the derived attribute employment-length.
·   Two account entity sets_ saving-account and checking-account with the common attributes of account-number and balance; in addition, savings-account has the attribute interest-rate and checking-account has the attribute overdraft-amount.

· The loan entity set, with the attributes, loan-number amount, and originating-branch.
· The weak entity set, with attributes payment-number, payment –date, and payment-amount.

Relationship Sets for the Bank Database:

       In the process, we also refine some of the decisions we made earlier regarding attributes of entity sets.

· Borrower, a many-to-many relationship set between customer and loan.

· Loan-branch, a many-to-many relationship set that indicates in which branch a loan originated.  Note that this relationship set replaces the attribute origination-branch of the entity set loan.

· Loan-payment, a one-to-many relationship from loan to payment, which documents that a payments that a payment is made on a loan.

· Depositor, with relationship attribute access-date, a many-to-many relationship set between customer and account, indicating that a customer owns an account.

· Customer-banker, with relationship attribute type, a many-to-one relationship set expressing that a customer can be advised by a bank employee, and that a bank employee can advise one or more customers.  Note that this relationship set has replaced the attribute banker-name of the entity set customer.

· Works –for, a relationship set between employee entities with role indicators manager and worker; the mapping cardinalities express that an employee works for only one manager and that a manager supervises one or more employees.  Note that this relationship set has replaced the manager attribute of employee.
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