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1. [Introduction to Database – (30 points)]

i) What is a Database and a Database Management System (DBMS)?
(6 points)
A Database is a shared collection of logically related data (and a description of that data), designed to meet the information need of an organization.

A DBMS is a software system that enables users to define, create and maintain the database and provides controlled access to the database

ii) List the software components that compromise the DBMS software. 
(6 points)
The DBMS software, the application programs and the operating systems, including the network software if the DBMS is used over a network.

iii) Briefly describe the difference between the Database Administrator and the Database user.


(6 points)
The Database Administrator is the person responsible for implementing all the issues related to the database administration such as the physical design, security, etc. The Database user is any person who uses the database and its data.

iv) Use the following table to briefly describe two of the advantages and disadvantages of using a DBMS: 
(12 points)
	Advantages
	Disadvantages

	Sharing of data: In a database all the data are shared in one collection. This will allow many users to share the data.


	Higher impact of failure Due to the integration of all data a failure in any part of the database will result in a failure for the whole system



	Improved security in a database the DBA will take all the necessary measures to ensure the proper access to the shared data.


	Additional costs: Additional hardware, staff, training and other costs are needed.




2.  [Database Environment– (30 points)]
i) What is a data model? Briefly discuss one of the main data models. 
(7 points)
A data model is an integrated collection of concepts for describing data, relationships between data and constraints on the data in an organization.

Record-based model: in which the database consists of a number of fixed-format records of possibly differing types. Each record type defines a fixed number of fields. Examples are Relational, Network and Hierarchical data models

ii) Briefly describes three of the major functions of a DBMS. 
(9 points)
 Data storage, retrieval and update: The users should have the ability to store and manipulate data in the database.

 Transaction support: all actions related to a transaction should be executed or none. 

 Concurrency control: DBMS should provide a mechanism to insure that the database is updated correctly when multiple users are updating the database concurrently.

iii) Briefly describes two of the major components of a DBMS. 
(8 points)
 DML preprocessor: which converts DML statements embedded in an application program into standard function calls in the host language.

 Query Processor: which transforms queries into a series of low-level instructions directed to the database manager.

iv) What is the difference between Client-server and File-server DBMS Architecture? 
(6 points)
In Client-server architecture the database and the DBMS resides in the server while the applications reside on the client 9workstation)

In File-server architecture a sever holds the database while the applications and the DBMS runs on each client (Workstation). The application will request files from the server when needed

3. [The Relational Model – (20 points)]

i) Describe each of the following concepts in the context of the relational model: relation, attribute, intension and extension, degree and cardinality.
(6 points)
Relation is a table with columns and rows. An attribute is a named column of a relation. Intension refers to the structure of the relation together with the specification of the domain, while extension refers to the tuples or the data, of a relation. Degree is the number of columns while cardinality is the number of rows in a relation

ii) Briefly describes the difference between the primary key and a foreign key in a relation.


(6 points)
A primary key of a relation is an attribute that uniquely identifies tuples within a relation. A foreign key is an attribute, or a set of attributes, within one relation that matches the candidate key of some (possible same) relation.

iii) Briefly describes the difference between entity integrity and referential integrity constraints.


(8 points)
Entity integrity: in a base relation no attribute of a primary key can be null.

Referential integrity: if a foreign key exists in a relation, either the foreign key value must match a candidate key value of some tuples in its home relation or the foreign key value must be wholly null.

4. [The Entity Relationship Model – (70 points)]

a) Answer only two of the following three parts –
(20 points)

i) Briefly describe the three basic components of the Entity-Relationship Model. For each component outline two of its types:

An Entity type which is an object or concept that is identified by the enterprise as having an independent existence. It can be a strong or a weak entity.

An attribute which is a property of an entity or a relationship type .It can be a simple, composite, single-valued, multi-valued or derived attribute.

A relationship type which is a meaningful association among entity types. It can be a one-to-one, one-to-many, many-to-many, fully participating or partially participating relation.

ii) Briefly describe the difference between the cardinality constrains and the participation constraints between relationships.

Cardinality constraints describe the number of possible relationships for each participating entity. (One-to-one, one-to-many, many-to-many) 

Participation constraints determine whether the existence of an entity depends upon it being related to another entity through the relationship. (Full vs. partial participation) 

iii) Briefly describe one of the problems that can occur using the ER model and present an example that shows the problem and how can it be solved.

Fan traps when a model represents a relationship between entity types, but the pathway between certain entity occurrences is ambiguous.

For example, assume that we have the following relations between Staff, division and Branch entities:
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We see that it is impossible to see at which branch office does staff number SG37 works in?

To solve this problem we need to restructured the relations as follows:
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iv) Briefly describe one of the following concepts in the EER model and present example that clearly present the concept: Generalization, Specialization and Categorization.
Specialization is the process of maximizing the differences between members of an entity by identifying their distinguishing characteristics

For example, we can specialize the staff entity into three subclasses: Manager, Secretary and Sales_Personnel by moving the attributes to belong to any of them with that entity has its own attributes as can be seen below:
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b) [EER Model Design - (50 points)]

You are required to develop a database for a company with the following requirements: 

 The company is organized into departments. Each department has a unique name, a unique number and a particular employee who manages the department. The company keeps track of the starting date when that employee began managing that department. A department may have several locations.

 A department controls a number of projects, each of which has a unique name, a unique number and a single location.

 The company stores each employee’s name, Social security number, address, salary, sex and birth date. An employee is assigned to one department but may work on several projects, which are necessarily controlled by the same department. The company keeps track of the number of hours per week that the employee works on each project. It also keeps track of the direct supervisor of each employee.

 The company keeps track of the dependents of each employs for insurance purposes. We keep each dependent’s name, sex, birth date and relationship to the employee

i) Develop an Enhanced Relationship (EER) Model to represent the above requirements using the following steps:
(30 points)
 Identify Entity types, and for each entity identifies its attributes and its primary key.

 Identify relationship types, attributes (if any), and determine the cardinality and participation constrains of each relationship.

 Specialize/generalize entity types (where appropriate)

 Categorize entity types (where appropriate)

Entity Types:

Department (Strong Entity)

Attributes:
Name: A simple attribute (Candidate Key)


Number: A simple attribute. (Primary Key)


Locations: A multi-valued attribute.

Project (Strong Entity)

Attributes:
Name: A simple attribute (Candidate Key)


Number: A simple attribute. (Primary Key)


Location: A simple attribute.

Employee (Strong Entity)

Attributes:
Name: A simple/composite attribute 


Social_Security_Number (SSN): A simple attribute. (Primary Key)


Address: A simple/composite attribute.


Salary: A simple attribute.


Sex (Sex): A simple attribute.


Birth_Date (BDate): A simple attribute.

Dependent (Weak Entity)

Attributes:
Name: A simple attribute 


Sex: A simple attribute.


Birth_Date (BDate): A simple attribute.


Relationship: A simple attribute.

Relationship Types:

Manages: is one-to-one relationship between between Staff and Department. Both Staff and Department participate fully in the relationship. It has the attribute Starting_Date.

Works_for: is one-to-many relationship between Staff and Department. Both Staff and Department participate fully in the relationship.

Supervision: is one-to-many relationship between Staff and Staff (recursive relation).

Works_on: is many-to-many relationship between Staff and Project. Both Staff and Projects participate fully in the relationship. It has the attribute Hours.

Dependent_of: is one-to-many weak relationship between Staff and Dependant. While Staff partially participate in the relationship, Dependent participate fully.

Controls: is one-to-many relationship between Department and Project. Department particpate poartially while Projects participate fully in the relationship.

ii) Draw an EER Diagram representing the EER model presented in part (i)
(20 points)
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