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QUESTION I. [ER-diagram: 30%] The Canadian Maritime Authority (CMA) needs a database to keep track of transport ships and their locations. The following specification must be relevant for its database:

· A ship has a name which is unique, an owner, and a description. 

· Ships make movements. A ship movement is identified by a timestamp. At each such timestamp, the ship is at a certain latitude and longitude.

· Each ship movement can be identified uniquely by considering its timestamp in conjunction with a ship name. 

· A ship must have exactly one type; and a ship type may not have a ship of its kind. Each type is identified by a type name and has a tonnage. 

· A port is identified by its name which is unique; it is located on a given ocean.
· A ship must have a home port; and a port may host no ship. 

· A ship may make a visit to a port, and a port may be visited by a ship. 

· A visit has a start date and an end date.

· Each visit can be identified uniquely by considering its start date in conjunction with a port name and a ship name.  
Draw an ER-diagram for the CMA database. Make sure to indicate all the appropriate constraints.  

QUESTION II. [Relational model: 20%] Translate your ER-diagram from Question I into a relational schema by showing the SQL statements needed to create the relations. Show all primary and foreign key constraints. You must have at MOST 7 tables. 
QUESTION III. [Relational algebra and calculus: 20%] Consider the following schema for an order processing database for rich people:
Customer(cid: integer, cname: string, age: integer, sal: real)

      
Order(oid: integer, odate: date, cid: integer, totalamount: real)

OrderedItem(oid: integer, iid: integer, quantity: integer)


Item(iid: integer, iname: string, price: real)

(A – 15%) Write the following queries in relational algebra:

1. Find the names of customers who have ordered items with prices exceeding 1 million $.
2. Find the cids of customers who have ordered an item priced less than 100 $ and an item priced more than 1 million $. 

3. Find the customers who have ordered all items priced more than 1 million $.
(B1 – 5%) Write the following query in the domain relational calculus 

                  (For CSI students):

4. Find the customers who have ordered all items priced more than 1 million $.

(B2 – 5%) Write the following query in the relational algebra 

                  (For non CSI students):

5. Find the names of customers who have ordered 500 items priced over 1 million $, but did not order 1 million items priced under 500 $.
QUESTION IV [SQL : 20%] Consider the schema of Question III. 

(A – 15%) Write the following queries in SQL.
1. (4%) Find the cids of customers who have ordered the item named A320, but did   

                not order the item named B747.

2. (3%) Find the names of the customers who ordered the most expensive item.

3. (8%) Find the average price of items ordered by customers for each age level  
               that has a minimum of 10 customers.

(B – 5%) Express the following integrity constraint in SQL:

     4.  Every customer with an age of over 65 must have ordered the item named B747.

QUESTION V. [Definitions : 10%] Define the following concepts using AT MOST TWO LINES of text: data model, referential integrity, relation schema, descriptive attribute, and correlation.
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