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1. [Relational Languages– (40 points)]

Given the following relations:

Hotel
Room

	Hotel-No
	Name
	Address
	
	Room-No
	Hotel-No
	Type
	Price

	H1
	Meridian
	Khobar
	
	R1
	H1
	Single
	300

	H2
	Sheraton
	Dammam
	
	R2
	H1
	Double
	400

	
	
	
	
	R3
	H1
	Single
	350

	
	
	
	
	R1
	H2
	Double
	500

	
	
	
	
	R2
	H2
	Single
	350

	
	
	
	
	R3
	H2
	Double
	400


Booking
Guest

	Hotel-No
	Guest-No
	Date-From
	Date-To
	Room-No
	
	Guest-No
	Name
	Address

	H2
	G1
	Nov. 20
	Nov. 22
	R1
	
	G1
	Ahmad Ali
	Jeddah

	H2
	G3
	Jan. 1
	Jan. 5
	R2
	
	G2
	Mohammad Kamel
	Taif

	H1
	G4
	Jan 3
	Jan 5
	R1
	
	G3
	Ali Barakat
	Mekka

	H1
	G2
	Dec. 21
	Dec. 30
	R3
	
	G4
	Said Khaled
	Madina


i) What will be produced by the following relational expressions?
(15 points)
i)
( Type (( Hotel-No = ‘H1’ Room)
(3 points)

	Type

	Single

	Double


ii)
( Hotel-No, Room-No, Date-From (Booking ( (( Guest-Name = ‘Ahmad Ali’ Guest))
(6 points)

	Hotel-No
	Room-No
	Date-From

	H2
	R1
	Nov. 20


iii)
( Name, Address (Guest ( (( Date-From > ‘Dec. 30’ Booking))
(6 points)

	Name
	Address

	Ali Barakat
	Mekka

	Said Khaled
	Medina


ii) Write Relational Algebra expressions that answer the following queries.
(15 points)
i)
Find all single rooms that costs more than SR300. 
(3 points)

( Type = ‘single’ and price ( 300 Room

ii)
Find the names and addresses of all guests who reserved rooms starting from or after ‘Jan. 1’

( Name, Address (( Guest-No (( Date-from (= ‘Jan.1’ Booking) ( Guest).

iii)
Find the type and price of the room that is reserved by ‘Mohammad Kamel’.
(6 points)

( Type, Price (Room ( Guest (( Hotel-No, Room-No (Booking ( ( Guest No. (( Name=’Mohammad Kamel’ Guest)
iii) Answer only two of the queries in part (b) above using tuple relational calculus.
(10 points)
i)
Range of R is Room.


(R| R. Type = ‘single’ ^  R. Price ( 300)

ii)
Range of G is Guest.


Range of B is Booking


(G. Name, G. Address | ^ B (G. Guest-No=B. Guest-No ^ B. Date-From (= ‘Jan. 1’

3) Range of G is Guest. 


Range of B is Booking.


Range of R is Room


(R. Type, R. Price | ( B (B. Hotel-No = R. Hotel-No ^  B. Room No. = R. Room-No. ^ (G (B. Guest No.=G. Guest-No. ^ G. Guest-Name = “Mohammad Kamel”

2. [Database Design Process  {Answer only Two Parts}  – (40 points)]

i) Describe two of the following steps of the database design process: application design, prototyping, data conversion and loading, operational maintenance.

 Application Design: is the process of designing the user interface and the application programs that use and process the database.

 Photo typing: The process of building a working model of the application and the database. 

 Date conversion and loading: The process of converting and loading data (and application programs) from the old system to the new system.

 Operational Maintenance: is the process of continuous monitoring and maintenance of the system after its completion.

ii) Describe two of the following steps of the conceptual design process: identifying entity types, identifying relationship types, determining candidate and primary keys.

 Identify entity types: is the step of identifying the entities that exist in the user requirement and stating whether they are weak or regular.

 Identifying relation ship types: is the step of identifying all the relationships in the user requirement.  Their participation and cardinality constraint and participating entities must be determined

 Determine candidate and primary key: is the step of identifying these attributes, or set of attributes, that can be candidate keys then selecting the primary key.

iii) Describe the following two steps of the logical design process: deriving relations from the conceptual data model, validating model using normalization

 Derive relations from the conceptual data model, is the step of converting the EER diagram into a set of relations with all primary and foreign key identified.

 Validate Data model using Normalization: is the step of converting all relations into the highest possible NF.

iv) Describe the following two steps of the physical design process: designing base relations for target DBMS, choosing file organization

 Design the base relations for the target DBMS: is the step of representing the tables identified in the logical design using the target DBMS.

 Choose the file organization: is the step of choosing an efficient file organization for each base relation.

3.  [Logical Database Design – (40 points)]

Below find an ER diagram representing the conceptual design of a database system for a Dental Center. Use the procedure (Approach One) described in the handout distributed to you in the class to develop the logical design for this database. In particular you are required to follow the steps of the procedure to convert the entities and relationships in this diagram into relational schema. (For complete marks you need to show your works in detail):
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Step 1: 
Regular Entities:
(12 Points)


Patient (Pat #, Name, Sex, Address).



Clinic (Number, Name).


Dentist (Number, Name, Location)
Step 2:
Weak entity
(7 Points)


Dependent (Pat. #, Name, Relation ship, Birth-Date)


Pat # is a foreign key references Pat # of Patient. 

Step 3:
1:M relation ship (Patient_In) 
(6 Points)
We include the primary key of M-side (clinic) of the relationship as a foreign key in the 1-side (Patient). We also include the attribute Start-Date. Finally we get relation patient as follows.

Patient (Pat #, Name, Sex, Address, Clinic-Number, Start-Date)
Step 4:
M:N Relationship (Has-Appointment) 
(10 Points)
We create a new relation Has – Appointment with the keys of entities patient (Pat #) and Dentist (Number) as a composite key. We also include the attributes Date and time. This gives no the following:

Has – Appointment (pat #, Dentist-Number, Date, Time)
Step 5:
Multi-valued attributes (Locations of Clinic) 
(5 Points)
We create a new relation. Clinic-Locations as follows

Clinic-Locations (Clinic-Number, Location)
4.  [Normalization – (40 points)]

Given the following relation and functional dependencies (fds)

	Bk-No
	Title
	Publisher
	Pub-Loc
	Bor-No
	Bor-Name
	Dept
	Ret-Date

	ICS1
	Java Programming
	McGraw
	London
	18352
	H. Yousef
	COE
	Jan 5

	ICS2
	C++ Programming
	Addison
	Berlin
	18425
	S. Sait
	COE
	Dec. 25

	ICS1
	Java Programming
	McGraw
	London
	19587
	T. Maghrabi
	ICS
	Jan. 10

	ICS4
	Database Systems
	Prentice-Hall
	Tokyo
	18352
	H. Yousef
	COE
	Jan 15


fd1:
Bk-No, Bor-No ( Title, Publisher, Pub-Loc, Bor-Name, Dept, Ret-Date

fd2:
Bk-No ( Title, Publisher, Pub-Loc

fd3:
Bor-No ( Bor-Name, Dept

fd4:
Publisher ( Pub-Loc, 

i) Show one example for an insertion, deletion and update anomaly on the above relation.
(9 points)

- Insertion Anomaly:

We cannot insent the information about a new borrower unless he borrows a book.  The same for a publisher.

-
Delete Anomaly:

If we delete the information on the book ICS 2 (due to its damage) we lose the information about the borrower “Sait”.

- Update Anomaly:

If we want to update the Title or the Publisher of the Book ICS 1 we must do it twice otherwise we will have inconsistence database.

ii) Describe and illustrate the process of normalizing the above relation into BCNF. 
(31 points)

Relation Library is in 1 – NF since it contains no repeating group.
(3 Points)
It is not in 2-NF because fd2 and fd3 introduces partial dependencies. To convent, it into 2NF we divide it into the following three relations: 
(15 Points)

Book
Borrower

	BK-NO
	Title
	Publisher
	Pub-Loc.
	
	Bor-No
	Bor-Name
	Dept



Loan

	BK-No
	Bor-No
	Ret. Date


Now, Borrower and Loan are in 3NF since they have no transitive dependency. However, Book is not because of fd4. We convert Book into Book-Inf and publisher-Inf., as follows 
(10 Points)
Book-Info
Publisher-Info

	BK-No
	Title
	Publisher
	
	Publisher
	Public


Now since we do not have any determinant in the fds (1-4) that is not a key, then all the final relations Book –Info, Publisher-Info, Borrower and Loan one in BCNF. 
(3 Points)
5. [SQL + Miscellaneous – (40 points)]

Given the relations:

i) Given the relations of Question 1, write the appropriate SQL statements to answer, only two of the queries below:
(16 points)

i)
Find all single rooms that costs more than SR300.

SELECT R *

FRom Room

WHERE Type = ‘single’ AND Price > 300.

ii)
Find the names and addresses of all guests who reserved rooms starting from or after ‘Jan. 1’

	SELECT Name Address 

FROM Guest

WHERE Guest-No IN 


(
SELECT Guest-No


FROM Booking


WHERE Date-From >= ‘Jan. 1’)
	SELECT Name Address 

FROM Guest G, Booking B

WHERE
G. Guest-No = B. Guest-No  AND


B. Date-From >= ‘Jan. 1’)


iii)
Find the type and price of the room that is reserved by ‘Mohammad Kamel’.

	SELECT Type, Price

FROM Room

WHERE Hotel-No, Room-No. IN


(
SELECT Hotel No. Room-No


FROM Booking


WHERE Guest-No IN


(
SELECT GUEST-NO


FROM GUEST


WHERE Name = ‘Mohammed


Kamel’
	SELECT Type, Price

FROM Room R, Guest G, Booking B

WHERE
R. Hotel-No = B. Hotel-No  AND


R. Room-No. = B. Room-No  AND


B. Guest-No. = G. Guest-No  AND


G. Name = ‘Mohammed Kamel’


ii) Using SQL, create a view, Guest_View, which will display the names of the guests occupying the rooms, with the room number, in the Meridian Hotel.
(10 points)

CREATE VIEW Guest-View

As
Select G. Name, B. Room-Number


FROM GUEST G, Booking B, Hotel H. 


WHERE H. Name = ‘Meridian AND H. Hotel-No = B. Hotel-No AND G. Guest-No = B. Guest-No.

iii) Answer only part (i) or (ii) below: 
(14 points)

i)
Briefly describe the difference between Heap, Ordered and Hashed files. What is the main advantage and disadvantage of each?

· A Heap file is a file in which records are placed in the file in the same order they are placed in. These file are very good for insertion, since they will be inserted immediately. They are not good for update or deletion since a sequential search is required.

· An ordered file is a file in which records are sorted based on the value of a key attributes. These files are good for update since they will be done using regular search technique. They are not good for insertion and deletion since they require continuous movement of record to keep the order of record.

· A bash file is a file in which records are inserted/searched bases on the value of a hash function that is applied to an attribute. Hash files are good for insertion, deletion and update since they use only the hash function to determine where the record is stored. They are not good if the hashing function cause high collision. 

ii)
Briefly describe what is a B+ tree, where it is used and its main advantage.

A B+ tree is  a data structure, a balanced tree, which is used to store data in files. It has certain characteristics that make it very suitable for storing and retrieving data. B+ trees are used mainly to store indexes of files, and they improve the access time greatly.
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