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MODULE TITLE:  Modeling Data Objects
NOMINAL DURATION: 60 hrs
LO1: Identify entities and relationships
1.1. Understanding and analyzing business operations
When a database development company is asked to build a database application for a client, it needs to take its time to diligently (attentively) learn client’s operations. Developers must take a deeper look into details of the business to understand clients’ desires and how they manage their data.
The first step to improving a process is to analyze it in order to understand the activities, their relationships, and the values of relevant metrics.

 Process analysis generally involves the following tasks:

· Define the process boundaries.
· Construct a process flow diagram that illustrates the various process activities and their interrelationships.

· Evaluate limitations in order to quantify/compute the impact of the limitation.

· Use the analysis to make operating decisions and to improve the process.
1.1.1 Identify Entity types entity sets, attributes and keys
What is entity in a database? 

· An Entity is an object with a physical existence or a conceptual existence.
· It can be roles, events, locations, tangible things or concepts.
In database terms, an entity is a table which is responsible for storing data in the database.

· Entity type is the set of all possible values for an entity. 

· An entity set is a set of entities of the same type (collection of instances represented by (e1, e2, e3, ... en). 
· It is also called an extension of the entity type 

· Entity Instance is a single occurrence of a particular entity type. 

  Entity type name       EMPLOYEE                                    PROJECT
 Attributes name         Name, Age, salary
                 Pname, Pcode, Location

                      
          



     Entity set

    (Extension)


                                                                          
          *


 * *
In E-R Diagram, an entity type is represented by a rectangle, and the name is indicated in capital letters.

   Example:   

· Attributes
· An attribute is a property that describes an entity. 
· Each attributes has a particular value based on the defined data type.
· The set of all possible (allowable) values of an attribute is called attribute domain.
· In E-R Diagram, attributes are named with an initial capital letter followed by lowercase letters.
· An attribute can be represented by an ellipse (oval) shape with a line connected it to the associated entity.
      Example:   


· It can also be represented by listing them within the entity rectangle, under the entity name(entity type).
     Example:     


· Types of attributes 
An attribute can be: - simple or composite, single-value or multi-value, stored or derived 

or Null Values.
1) Simple (Atomic) vs Composite attribute

· Simple attributes cannot be further divisible.

    Example: SSN, Sex                     

· In E-R Diagram, simple attributes can be represented by an ellipse shape. Example:  


· Composite attributes can be divided into smaller subparts.
Example: - address (street address, city, state, zip code)

                 - Name (first name, last name, initial name)

· In E-R Diagram, composite attributes can be  represented by:  

· The value of composite attribute is the concatenation of the values of its constituent simple attributes.

2) Single-valued vs Multi-valued attributes
                      - Most attributes have a single value for a particular entity.
         - In some cases, an attribute can have a set of value for the same entity, called multi-valued.
                     In E-R Diagram, Multi-valued attributes can be represented by double ellipse (oval) 
                     shape.

3) Stored  vs derived attributes.
· In some cases, some attributes have a reference (derived from other attributes’ value).

In E-R Diagram, Derived attributes can be represented by dotted ellipse.    
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4) Null Values attributes
· Not applicable: e.g. Apartment Number, College Degree.

· Unknown: - the attribute value exists but is missing. E.g. Height

                             - It is not known whether the value exists. E.g. Home Phone 

· Key attributes 
· Attributes can be classified as identifiers or descriptors.

· A descriptor describes a non-unique characteristic of an entity instance.

·  Identifiers (more commonly called keys or key attributes) uniquely identify each instance of an entity, called candidate key. If such an attribute doesn't exist naturally, a new attribute is defined for that purpose.
· In some cases, more than one attribute is required to identify a unique entity, called composite candidate key.
· In E-R Diagram, key attributes (identifiers) can be represented by ellipse shape with underline.

                       

1.2. Identify the scope of the system
System Scope describes the current systems that the required application package is expected to replace or interface with. The description contains a table that describes the functionality of each system, and relates systems to business activities.
1.2.1 Databases

A database is a collection of organized information so that it can easily be accessed, managed, and updated. 

· A database management system is a suite of software applications that together make it possible for people or businesses to store, modify, and extract information from a database.
1.2.2  Applications
Application software is the name given to a program or group of the programs designed for end-users (perform specific tasks for end-users). Example: database programs, word processors, and antivirus programs are all applications.
1.2.1 Servers

A Server is a computer program that manages access to a centralized resource such as file, printer, and user group as well as network traffic on the network or provide services to client software running on other computers (and their users) in the same domain (in a network).

A single server machine can have several different server software packages running on it, thus providing many different services to clients on the network. 
There are many different types of servers: 
· Application Servers
· Message Servers

· FTP Servers

· Mail Servers

· Proxy Servers

· Web Servers

· File server

· Print server

· Database server

· Backup server 

· DHCP server 
· DNS Server
· Application server allows a client on the network to access and use extra computing power. Application server is mainly used for the security. 

· Message server includes Chat servers that enable a large number of users to exchange information in the network.  
·  Mail server store and handles mail message over in the networks (via LANs) and across the Internet (via WANs). 

· A Proxy server is a server that can be sitting between the server and the client. When any request is coming, client pass that request to the server, then server process that request and send back to the client. Proxy server improves the performance of the security by filtering the request.
·  Web server provides the access to the internet using hypertext markup language. A Web server get request from the web browser and send back the response and associated HTML document. 

· File servers helps user to exchange data (read data, write data) as well as manage shared files or it control and manage overall user access. 
· Print server control and manage printer resources over the network and also it offer fax services. The print server allows multiple users to access printer resources and fax services simultaneously.

· Database servers manage the database using database management system software. Client request is sent in the form of queries to the server, then database server process the incoming client query, access the stored data from the database and sent result back to the client. 
· A backup server responsible for backing up and restoring files, folders, databases on a network in order to prevent the loss of data in the event of a hard drive failure, user error, disaster or accident.

· A DHCP Server is used to assigns IP addresses to client computers automatically. All IP addresses of all computers are stored in a database that resides on a server machine.
· DNS Server is needed for resolving hostnames to their IP addresses.

1.2.2 Operating systems
An operating system (OS) is a collection of software that enables the computer hardware to communicate and operate with the computer software. 
The operating system is a vital component of the system software in a computer system. Without operating system, a computer would be useless. Application programs require an operating system to function. 
1.2.3 Gateways
A network gateway is an internetworking system capable of joining together two networks that use different base protocols. A network gateway can be implemented completely in software, completely in hardware, or as a combination of both. 
A Gateway is - used between two dissimilar LAN s.
                       - required to convert Data packets from one protocol format to another Protocol format.

Router and Gateway both are sometimes used interchangeably but the difference is that Gateway operates on 7th layer of the OSI Model and the Router works on the 3rd layer of the OSI model. 
The OSI Layer consists of:
1. Physical layer
2. Data Link
3. Network,(performs establishment of connection between networks and the Routing and selecting best path)

4. Transport layer
5. Session layer 
6. Presentation layer
7. Application Layer. (Provides semantic exchange of data between application in an open system)
1.2.4 Application service provider 
An application service provider (ASP) is a business that provides computer-based services to customers over a network. I.e.: Application service provider is remote software that you access through a web browser.
The goal of an application service provider is to reduce the cost of software distribution and maintenance.
1.2.5 ISP
An Internet service provider (ISP) is an organization/company that provides internet access to users or subscribers of its service, usually for a fee.
1.3. Reviewing business rules to determine impact 
A business rule is a rule of a business, company, or corporation that defines/determine or constrains some aspect of business and always resolves to either true or false. 
1.3.1. Overview of business rules
Business rules describe the business polices that apply to the data stored on a company’s databases. 
Business-rules constraints fall into two categories: field constraints within tables, and relationship constraints between tables. 
1.4. Relationships

A relationship is an association that exist b/n two or more participating entities. 
·  In E-R Diagram, a relationship type is represented by a diamond shape
 with the relationship verb in it. 

There are three types of relationships b/n entities 
· One-to-one: - one instance of an entity (A) is associated with one other instance of another entity (B).

         Example: President to country, husband to wife, people to religion

· One-to-many: - one instance of an entity (A) is associated with zero, one or many instances of another entity 

                          (B), but for one instance of entity (B) there is only one instance of entity (A).

         Example: Country to people, mother to children, department to students

· Many-to-many: - one instance of an entity )A) is associated with zero, one or many instances of another entity 

                            (B), and one instance of entity (B) is associated with zero, one or many instances of entity (A).

        Example: Students to course, employee to projects, people to language 

1.5. Documenting Entity relationship Diagram

An ERD is a model (theoretical view) that identifies the concepts or entities that exist in a system and the relationships between those entities.  
Entity relationship Diagram Documentation must include:
· Entities

· Relationship

· Optionality and Cardinality

· Bridge Entities

· Recursive Relationships

· Multiple Relationships between Entities
· Entity Subtypes
· Key Attributes of  an entity

· Non- key Attributes of  an entity

1.5.1 Person, object or concept
A database object is any defined object in a database that is used to store or reference data.

Some examples of database objects include tables, views, sequences, indexes, and synonyms.
LO2.  Develop Normalization
2.1. Informal design guide lines for relational schema
Informal Design Guidelines for Relational Schemas include:
i. Semantics of the attributes

ii. Reducing redundant information in tuples

iii. Reducing the NULL values in tuples

iv. Disallowing the possibility of generating spurious tuples

1. Semantics of the Attributes.

· Attributes in a relation must have real-world meaning.

· "Semantics" refers to interpretation of attribute values in a tuple

Guideline 1: Design a relational schema so that it is easy to explain its meaning.
Do not combine attributes from multiple entity types.
2. Reducing redundant information in tuples

One goal of schema design is to minimize the storage space that the base relations (files) occupy.

Another serious problem with redundancy is the problem of update anomalies. These can be classified into:

a. Insertion Anomalies

b. Deletion Anomalies

c. Modification Anomalies
Update anomalies: 

· INSERT: To INSERT new records, first you must check if there is referential constraint.
· DELETE: Before try to DELETE a record from a table, you must check whether it is referred by another table field(s) or not.

· UPDATE: If you want to change the value of an attribute, you must check whether it is referred by another table field(s) or not.
Guideline 2: Design base relation schemas to avoid insertion, deletion, or modification anomalies.
If there are anomalies, document them and check that update in the DB operates correctly.
3. Reducing the NULL values in tuples

Nulls can have multiple interpretations such as:

· The attribute does not apply to this tuple.
· The attribute value for this is unknown.
· The value is known but absent, it has not been recorded yet.

Guideline 3: As far as possible, avoid placing attributes in a base relation whose values may be null. If nulls are unavoidable, make sure that they apply in exceptional cases only and do not apply to a majority of tuples in the relation.
4. Disallowing the possibility of generating spurious tuples

Spurious tuples represent information that is not valid. These types of tuples may occur after join operation. 

Guideline 4: Design schemas so they can be JOINed with equality conditions on (primary key, foreign key) pairs with no spurious tuples.
· Avoid relations that contain matching attributes that are not (primary key, foreign key) pairs.
2.2. Introduction to Normalization
The normalization process, as first proposed by Codd (1972), takes a relation schema through a series of tests to "certify" whether or not it belongs to a certain NORMAL FORM.

Initially, Codd proposed three normal forms, which are first, second, and third form. 
A stronger definition of 3NF was proposed later by Boyce and Codd and known as Boyce-Codd normal form.

All the above normal forms are based on the functional dependencies among the attributes of a relation. 
Later, a fourth normal form (4NF) and a fifth normal form (5NF) were proposed based on the concepts of multivalued dependencies and join dependencies, respectively.
Normalization is a process that involves dividing large tables (complex data structures) into smaller (simple and stable data structures) that do not accept redundant values and defining relationships between them. 

Database normalization is the process of organizing the fields and tables of a relational database to minimize redundancy and to avoid update anomalies (insert, modify, and delete anomalies). 
2.3. Functional dependencies

A functional dependency (FD) is a constraint between two sets of attributes in a table from a table in the database.

· A functional dependency occurs when one attribute in a table uniquely determines another attribute. This can be written as: A ( B ("B is functionally dependent upon A").
If a particular value of one attribute (A) in a table uniquely determines the value of another attribute (B) in the same table, then there is a functional dependency between attributes A and B.

Examples: In a table employee’s characteristic including employee ID and name, it can be said that name is functionally dependent upon ID because an employee's name can be uniquely determined from their ID. However, the reverse statement is not true because more than one employee can have the same name but different ID.

· Full functional dependency
A full functional dependency occurs when you already meet the requirements for a functional dependency and the set of attributes on the left side of the functional dependency statement cannot be reduced any farther. 

Example: {SSN, age} (name is a functional dependency, but it is not a full functional dependency because you 

                 can remove age from the left side of the statement without impacting the dependency relationship.

· Transitive dependency. 

 Transitivity dependency is a functional dependency between non-primary-key.

I.e.:  It occurs when there is an indirect relationship that causes a functional dependency. 

 Example:  A(C is a transitive dependency when “A ( B” and “B ( C” are true.
2.4. Normal forms based on primary keys
· first Normal Form (1NF): 
Relation R is in first normal form (1NF) if:
· Domain of an attribute must contain only atomic values (Value of any attribute must be a single value from the domain).

· There are no duplicated rows in the table.
· Entries in a column (attribute, field) are of the same kind.
DEPARTMENT

	 Dname 
	 Dnumber 
	 Dmgr_ID 
	 Dlocations 

	
	
	
	


Remove the “Dlocations” field from the department table to disallow multiple for a single instance/occurrence. 

DEPARTMENT

	 Dname 
	 Dnumber 
	 Dmgr_ID 


DEPARTMENT_LOCATION

	 Dnumber 
	 Dlocation 


Now both above tables are 1NF.
· 2nd Normal Form (2NF):
A relation R is in 2NF if: - it is in 1NF

·  Every non-primary key attribute A in R is fully functionally dependent on the primary key of R(has no partial dependencies).
· If you know value of primary key, all other attributes are determined

                                              EMPLOYEE_PROJECT

	 ID 
	 Pnumber 
	 Hours 
	 Ename 
	 Pname 
	 Plocation 


Functional dependencies:

· {ID, Pnumber} --> {Hours}

· {ID} --> {Ename}                                      This is not in 2NF.

· {Pnumber} --> {Pname, Plocation}

2NF normalization:          

  EP1

	 ID 
	 Pnumber 
	 Hours 


· {ID, Pnumber} --> {Hours}  
EP2

	 ID 
	 Ename 


· {ID} --> {Ename}
EP3

	 Pnumber 
	 Pname 
	 Plocation 


· {Pnumber} --> {Pname, Plocation}

Now all above tables are in 2NF.
· 3rd Normal Form (3NF): 
A relation R is in 3NF if: 
· It is in 2NF.

· Relation R should not have a non-key attribute functionally determined by another non-key attribute           (no transitive dependencies).

EMPLOYEE_DEPARTMENT

	 Ename 
	 ID 
	 Bdate 
	 Address 
	 Dnumber 
	 Dname 
	 Dmgr_ID


Functional dependencies:

· {ID} --> {Ename, Bdate, Address, Dnumber, Dname, Dmgr_ID}

· {Dnumber} --> {Dname, Dmgr_ssn}                                                   This is not in 3NF.

3NF normalization:

ED1

	 Ename 
	 ID 
	 Bdate 
	 Address 
	 Dnumber 


  {ID} --> {Ename, Bdate, Address, Dnumber}

ED2

	 Dnumber 
	 Dname 
	 Dmgr_ID 


                                     {Dnumber} --> {Dname, Dmgr_ID}

Now both above tables are in 3NF.
· Boyce–Codd normal form (BCNF).
A relation is in Boyce-Codd normal form (BCNF) if and only if it is in 3NF and every determinant is a candidate key. 

1. Anomalies can occur in relations in 3NF if there is a composite key in which part of that key has a determinant which is not itself a candidate key. 

2. This can be expressed as R(A,B,C), C--->A where: 

· The relation R contains attributes A, B and C. 

· A and B form a candidate key. 

· C is the determinant for A (A is functionally dependent on C). 

· C is not part of any key. 

3. Anomalies can also occur where a relation contains several candidate keys where: 

· The keys contain more than one attribute (they are composite keys). 

· An attribute is common to more than one key. 

LO3. Validate data Model using Normalization
Normalization is the process of designing a data model to efficiently store data in a database. The end result is that redundant data is eliminated, and only data related to the attribute is stored within the table. 
3.1. Validating data model

How to Validate the Data Model?
The business data model, also known as the enterprise data model, conceptual data model or logical data model, describes the major information of interest from a business perspective. 
Even when you have completed your data model, it may not completely reflect the system being developed. You need to review your business rules once more to see if you have created an accurate design.
Validation activities of data model include:

· Completeness: Are the business areas and concepts represented by the model completely addressed?

· Accuracy: Does the model correctly represent the entities, attributes and business relationships of interest?
                  Are the optionalities and cardinalities correct?

· Structure: Does the model follow the data modeling rules for the level of normalization (typically third 
                   normal form) used?
Data model is validated with client
3.2. Resolving issues or recommendations
The majority of database performance issues are caused by un-normalised or partially normalised data. Normalisation is the technique used to simplify the design of a database in a way that removes redundant data and improves the efficiency of the database design.

· Issues or recommendations arising are resolved
3.3. Documenting completed data model

What is the best way to document a logical or conceptual data model? 

The tools like Visio allow you to define entities, attributes and relationships but it does not support the collection of other vital information about a model such as validation rules, data owners.

· Completed data model are documented
3.4. Submitting final approval to client

In order to make sure that the project is completed, we require applicants to inspect for Final Approval. 

· Final approval is submitted to client  [image: image2.png]
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