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Instructions to candidates

1. FOUR Questions are set:

· Candidates must attempt any TWO questions. 

· The questions are of equal value (i.e. 25 marks each).

· The number of marks for each part of a question is shown in brackets.

2. This is an Open Book Examination.

3. Students are allowed to use calculators.

There is one Appendix attached containing the DreamHome Estate Agent scenario.

4. All Questions are based on the scenario in the Appendix.

Q. 1 (Distributed Databases)

(a)
Answer the following questions:

(i) Why is replication necessary in database systems?

(ii) How is replication normally done in the Oracle 9i system?

(iii) Why is fragmentation employed as a technique in distributed databases?

(iv) What does transparency mean in the context of distributed databases?

(10 marks)

(b) 
For the DreamHome database scenario, consider that the database is to be distributed over two centres at Edinburgh and Newcastle as follows:

· Each site is to hold its branch, staff, telephone and manager information

· The Edinburgh office is to hold owner and client information.

· The Newcastle office is to hold property, lease, registration, advert and newspaper information. 

With the above distribution requirement, perform the following tasks:

(i) Develop a schema that satisfies the above distribution. You may assume that the underlying tables have already been defined but you will need to specify in full the derivations of fragments.  

(ii) Comment on which types of queries are likely to show poor performance and good performance.  Give one example of each in SQL.

(iii) Does a query, which includes the name of a horizontal fragment, satisfy distribution transparency? If not, what should be done to achieve such a transparency?

(15 marks)

Q. 2 (Object-Oriented Databases)

(a) The UML class diagram (i.e. the conceptual model of the DreamHome database) shows a many-to-many association between PropertyForRent and Newspaper in the form of an association class. The association class is represented as Advert relation in the relational schema of the DreamHome database.
Provide an object-oriented representation of the classes: PropertyForRent and Newspaper. Describe the association between these classes. [You need to include only extent, key, and important attributes and you may omit other associations related to these classes. You may use ODL or generic OO class definitions to answer this part.]
(4 marks)

(b) The UML class diagram in the Appendix shows, among other things, the class Staff and its sub-classes Supervisor and Manager. Note that specialization/generalization relationship of the Staff class is optional and disjoint (shown as {Optional, Or}) i.e. an instance of Staff class need not belong to any of its subclasses, however, an instance of Supervisor class cannot be a member of Manager class and vice versa. These classes are represented as tables Staff and Manager in the relational schema (also in the Appendix). 

Provide an object-oriented representation of the classes: Staff, Supervisor and Manager. [You should fully describe these classes including class extent and key (if applicable), all of their attributes and associations in which they participate. You may use ODL or generic OO class definitions to answer this part.]
(7 marks)

(c) Compare and contrast the object-oriented representations from your answers to parts (a) and (b) with their counterparts in the relational schema of the DreamHome database. Your answer must include any advantages and disadvantages of these representations over each other. [Arguments for or against either representations should be specific to the scenario and not generic arguments.]

(6 marks)

(d)

(i) Write a query in SQL (over the relational schema given in the Appendix) for listing names of the newspapers that have advertised 5 or more properties in Newcastle upon Tyne.

(2 marks)

(ii) 
Express the same query over an equivalent object-oriented representation (e.g. see your answer to part (a)) using either:

· OQL






                                (Max. of 4 marks)
· Plain English





                                (Max. of 2 marks)
(iii) Compare and contrast your answers to sub-parts (i) and (ii) of part (d) above.
(2 marks)

Q. 3 (Transactions, Concurrency and PL/SQL)

(a) In the context of transaction management in databases, answer the following questions:

(i) What are the essential characteristics of transactions that have made “transaction processing” such an important part of database technology?

(ii) What is the role of locking in transaction implementation?

(iii) What is the purpose of the transaction log file in database recovery?

(iv) Is it possible to do partial rollbacks when a problem occurs in a transaction? If so what is the mechanism?

(10 marks)

(b) For the DreamHome database scenario, design a procedure in PL/SQL, which handles the leasing of a property for rent to a client. You are asked to include in the procedure:

(i) Input parameters of foreign keys for Lease and further values necessary to complete the data for Lease. 

(ii) Raising exceptions if given foreign keys are not primary keys of the cited tables.

(iii) Recording of the lease number as one greater than the highest value in the Lease table.

(iv) Insertion of data into Lease table.

(v) Handling of any other exceptions raised

(vi) Transaction commands for saving or undoing changes

(vii) Appropriate output messages for the user

(15 marks)

Q. 4 (Query Optimization)

Consider the following SQL query that joins the PropertyForRent and Lease tables:
SELECT 
*

FROM  
PropertyForRent P, Lease L

WHERE
P.propertyNo = L.propertyNo 

Assume the following information:

· The page size for the database is 2048 bytes.

· The size of the PropertyForRent table is 3000 pages 

· There are 36,000 records;

· Each record is of 158 bytes; and

· 12 records occupy one page on disk.

· The size the Lease table is 200 pages

· There are 11,000 records; 

· Each record is of 37 bytes; and

· 55 records occupy one page on disk.

· 52 buffer pages available during the query processing.

· Neither relation has any indexes built on it.
· The cost of the projection (i.e. all the attributes in the join result – indicated by * in the SQL query) should be ignored.
· In estimating the cost of the above query, only the cost of the join should be considered.
Answer the following questions:

(a) What is the cost of the query using page-oriented nested loops join algorithm? What is the minimum number of buffer pages required for the cost of remain unchanged?

       
(4 marks)

(b) What is the cost of the query using block nested loops join algorithm? What is the minimum number of buffer pages required for the cost of remain unchanged?
               
(4 marks)

(c) What would be lowest possible I/O cost for evaluating the query using any join algorithm, and how many buffer pages would be required to achieve this cost? Provide brief explanation in support of your answer.  
(8 marks)

(d) How many tuples, at most, will the query produce, and how many pages would be required to store the query’s result on disk?
      
(4 marks)

(e) Given that propertyNo is a foreign key in the Lease table, would your answer to parts (a) or (b) change? Illustrate your answer using either part (a) or (b). Note that each tuple in the Lease table matches only one tuple in the PropertyForRent table. 


(5 marks)

APPENDIX

DreamHome Estate Agent, Database System
(a)    SCENARIO

The scenario is based on and is a subset of the DreamHome database called DreamHome application described in “Database Systems”, 3rd Edition by Thomas Connolly and Carolyn Begg, 2002. DreamHome estate agent serves both private and business owners in renting out their properties to clients. The subset of the DreamHome database stores information about:

· Branches of the DreamHome estate agent.
· Staff (including supervisors and managers) working for the estate agent.

· Owners of the properties for rent, where an owner can be private or business.

· Clients (and their preferences) who are looking to take properties on rent.

· Registration of clients to specific branches.

· Properties for rent.

· Newspaper adverts featuring properties for rent.

· Leases, which are tenancy contracts between clients and properties.

(b) Conceptual model for the DreamHome database in UML
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(c)    Relational Schema for the DreamHome database
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Data types/Domains of Attributes 

	Attributes
	Domain/Data type

	staffNo, propertyNo, clientNo, leaseNo, ownerNo, supervisorStaffNo, branchNo, mgrStaffNo, salary, bonus
	Integer (positive) up to 6 digits

	position, contactName
	VarChar(30)

	sex
	Char(1), possible values are ‘F’, ‘M’

	DOB, rentStart, rentFinish, viewDate, mgrStartDate, dateJoined, dateAdvert
	Date

	BName, name
	VarChar(40)

	bType
	VarChar(20)

	address, comment, newsPaperName
	VarChar(50)

	telNo
	Char(12)

	type, prefType
	Char(1), possible values are ‘F’ for flat, ‘D’ for detached house, ‘S’ for semi-detached house, ‘M’ for maisonette, ‘T’ for terraced house, ‘B’ for bungalow, and ‘H’ for any type of house.

	paymentMethod
	Char(2), possible values are ‘CC’ for credit card, ‘SD’ for switch/delta, ‘DD’ for direct debit, ‘CQ’ for cheque, and ‘CP’ for cash payment.

	depositPaid
	Char(1) or Boolean, possible values are ‘Y’ or ‘N’

	rent, maxRent, rooms, cost
	Integer (positive) up to 3 digits

	street, city
	VarChar(40)

	postcode
	Char(7)
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