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QUESTION  I. [ER-diagram : 26%] Assume that the Bank of Canada (BC) wants to maintain information about all the banks in the country.  You have been hired to design their database schema. The following specification must be relevant for the database schema:

· Each bank has a code, a name, and a headquarter address.

· Each bank can have multiple branches, and the only way to identify each branch is to refer to the bank to which it belongs.

· Each branch has a branch number to identify it within the bank to which it belongs, a name, an address, and a phone number.
· Each branch can have multiple accounts and loans. Notice that there are branches that may have neither accounts, nor loans (e.g., the headquarters of banks).
· An account has a number, a balance, and a type. Each account must belong to exactly one branch.

· A loan has a number, an amount, and a type. Each loan must be given by exactly one branch.

· Each account must be owned by at least one customer, and each loan must be held by at least one customer.
· A customer has a SIN, a name, a phone number, and an address.

· A branch has employees who work at that branch. Each branch must have at least one employee, and an employee must work at exactly one branch. 
· An employee has a SIN, a name, a salary, seniority, an address, and a phone number.   
· A special category of employees, called loan managers, monitor how customers hold their loans.  Such managers do their monitoring from a certain given date. 
· Finally, there is a further category of employees, called account managers, who monitor the way employees own their accounts.  Such managers have a date from which they started monitoring.
· For each account ownership, and for each holding of a loan, there must be at least one monitoring manager. 
Draw an ER-diagram for the BC database. Make sure to indicate all the appropriate constraints.  Use the following hints: 
· Use 8 entity sets and 8 relationship sets. 

· Most ER constructs that we saw in class are in this diagram.
QUESTION II. [Relational model: 20%] Consider the following ER diagram for the federal government database. Translate this ER diagram into a relational schema by showing the SQL statements needed to create the relations. The SQL statement must have all primary and foreign key constraints, as well as any other constraints needed. If there is any constraint that cannot be captured by a CREATE statement, then explain in words which assertions must be created.
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QUESTION III. [Relational algebra and calculus: 20%] Consider the following schema for a company:
  
Employees(sin: integer, name: string, salary: real, rating: string, did: integer)

      
Departments(did: integer, dname: string, mgrsin: string)

Projects(pid: integer, pname: string, did: integer)


Works_on(sin: integer, pid: integer, hours: real)

 -----------------------------------------
(A – 14%) Write the following queries in relational algebra:
1. Find the names of drivers who are assigned to long routes (i.e. routes exceeding 30 km).
2. Find the dids of drivers who are assigned to routes from Fallowfields and to routes to Lebreton. 

3. Find the manufacturers of busses that are assigned to long routes (i.e. routes exceeding 30 km).

 (B – 6%) Write the following query in the domain relational calculus:

4. Find the names of drivers with a rating over 5 who are assigned to short routes (i.e. routes under 5km). 
QUESTION IV [SQL : 20%] Consider the schema of Question III. 

(A – 15%) Write the following queries in SQL
1. Find the dids of drivers who are assigned to Ford busses but not to  GM busses.
2. Find the shortest route assigned to driver 127.

3. Find the average rating of experienced drivers (i.e. those with rating over 7) for each seniority level that has a minimum of 10 drivers.
(B – 5%) Express the following integrity constraint in SQL:

     4.  Every driver with a rating 10 must be assigned to route 95.
QUESTION V. [Definitions : 14%] Define the following concepts using AT MOST TWO LINES of text: referential integrity, relation instance, partial key of a weak entity set, and relational data model.
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