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Answer three questions
The use of electronic calculators is NOT permitted

Note: Do not answer more than the required number of questions.  Clearly

cross out anything you do not wish to be marked.
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1)
Answer both parts


(a)
Map the Entity-Relationship (ER) diagram showed below to the equivalent relational schema following the ER/Style when translating the sub-entity sets. Specify all keys for the resulting relation schemas.










(10 marks)


(b)
Build the ODL class specification associated to each entity set of the ER diagram in the figure below. For each ODL relationship specify also its inverse. Specify key attributes where appropriate 








(10 marks)
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2)
Answer both parts

A hospital needs a database to hold current information on its employees and patients. An initial analysis of these requirements produced the following facts: 

· Each hospital employee can work for many clinics, and a clinic has many employees.

· Clinics are distinguished by their name. Other information about clinics is the number of beds and the phone number.

· There are laboratories at the hospital, and they are managed by one clinic, while one clinic can manage many labs

· Labs are numbered sequentially (as 1,2,3, etc.) for each clinic that manages them. Another information is the number of rooms in the lab.

· Each patient is identified by a social security number. Other information are the illness and the age.

· Each patient is assigned to one doctor. A doctor takes care of many patients. Nurses are responsible for many patients, while each patient is in charge of one nurse.

· Both doctors and nurses are hospital employees. Hospital employees are distinguished by their social security number. Other information are their salary and name.

· Additional information about doctors is their phone number.

· Additional information about nurses is their working hours.

· Each patient has a number of tests done at different labs; each lab can carry out a number of tests. 


(a)
Give an entity-relationship diagram for the hospital. Indicate the cardinalities of the relationships, the keys of the entity sets. Identify ISA relations and weak entity sets if any. Do not make any additional assumptions that are not explicit in the user requirements.

(14 marks)


(b)
Define the following concepts from the theory of ER models. For each concept give one example that illustrates your definition.

· Weak Entity Set









 (2 marks)

· Multiway Relationship









(2 marks)

· Many to One Relationships








(2 marks)
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3)
Answer both parts

Suppose you are given the following relational schema for storing information about students:

Student(StudentID, Student-Name, Course, Address, Entry-Year,Grade)

Take(StudentID, ModuleID)

Module(ModuleID, Year, Module-Name, LecturerID, Semester, Credit)

Lecturer (LecturerID, Lecturer-Name, PhoneNo, Office)


(a) 
For the following requests, write both a relational algebra expression and the corresponding SQL query.



(i)
Find the names of the lecturers who teach a first semester module.



(3 marks)



(ii)
Find the names and the addresses of students who have entered the school in the years "1976", “1977”,…,”1999”.







(3 marks)



(iii)
Find the names of all students who have never taken a module offered by the lecturer named "Smith".










(4 marks)



(vi)
Find those offices that have been occupied by two or more lecturers.



(8 marks)


(b) 
Write the SQL query for the following request (do not write the relational algebra expression).

· Find the average grade of all "ISE" students with respect to different semesters.

(2 marks)
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4)
Answer all parts


Consider the following relational schema for storing information about different companies:

Company(CNAME,CITY,ADDRESS,CONS-NAME,MOB-PHONE#,


CONS-ADDR,PRES-ID,PRES-ADDR)


The attributes of the Company have the following meaning:

· CNAME is the name of the company.

· CITY, ADDRESS are the city where the company is located and its address.

· CONS-NAME, MOB-PHONE#, CONS-ADDR are the name, the mobile phone number and the address of the consultants of a company.

· PRES-ID is the identificator of the president who runs a given company.

· PRES-ADDR is the address of the president.

The set of functional dependencies, F, that hold for the company relation schema are:

CNAME  CITY  ADDRESS

CNAME  PRES-ID

CONS-NAME  MOB-PHONE#  CONS-ADDR

PRES-ID  PRES-ADDR


(a)
Find the key for the Company relation schema.






(2 marks)


(b)
Find a decomposition in Boyce-Code-Normal-Form (BCNF) for the Company relation schema.


(10 marks)


(c)
For each relation schema in the BCNF decomposition compute the projection of the set of functional dependencies, F.








(6 marks)


(d)
Discuss  whether the BCNF decomposition is dependency preserving.



(2 marks)
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5)
Answer all parts

Define the following concepts from the theory of the relational model. For each concept give one example that illustrates your definition.


(a)
Relation schema










(2 marks)


(b)
Superkey











(2 marks)


(c)
Key











(2 marks)


(d)
Functional dependency









(2 marks)


(e)
Boyce-Codd Normal Form (BCNF)







(2 marks)


(f)
Third Normal Form (3NF)








(2 marks)


(g)
Natural Join operator









(2 marks)


(h)
Project operator










(2 marks)


(i)
Cartesian Product










(2 marks)


(j)
Union Compatibility









(2 marks)

END OF PAPER

