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Question 1 [5 marks]

A real estate company has several agencies. Each agency has a name, but two agencies may have the
same name. However each agency has a unique location known by its postal address. Each agency
manages a group of agent. The agents work for exactly one agency. We record the names of the
agents (two agents may have the same name) and the identification number given by the agency they
work for. Note that two agents working for two different agencies may have the same identification
number, as these numbers are issued independently by the agencies. Each agency maintains a listing
of properties. The same property may be listed by several agencies. Every property is listed at
least by one agency. Properties are uniquely identified by their postal address. We also record the
valuation of the property. An agent manages properties that are listed by her agency. A property
can be managed by agents from different agencies, but it is managed by at most one agent in one
agency. Some listed properties are not managed.
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(a) Draw the corresponding Entity-relationship diagram with particpation constraints. Use the (5)
notations of ”Introduction to Database Systems” by Stéphane Bressan and Barbara Catania.
Research on the Web the notion of aggregation in Entity-relationship diagrams.
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Question 2 [5 marks]
Let us consider the relation R = {A,B,C,D, E, F}

with the set of functional dependencies

¥ ={{A,B} - {C,F,D},{A,B,C,D} — {A,B},{A,B} —» {E},{C,D} — {A,B},{C,D} —

{F,E},{A,B} —» {F},{F} - {E},{A, F} — {A, E}}.

(a) Normalize R with ¥ using Bernstein algorithm. Show the main steps. Observe and briefly
explain the properties of the resulting schema (e.g. losslessness, normal forms, dependencies,

etc.). Indicate which properties are guaranteed by Bernstein algorithm (general) and which are
coincidental to the case (specific).
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Question 3 [4 marks]
Let us consider the relation R = {A, B,C, D, E, F,G}

with the set of dependencies
E={{F} = {A B, C}.{D,E} = {G},{G} — {4}, {G} = {B}}.

(a) Prove that {F'} — {A, B} can be derived using the Armstrong Axioms for functional depen-
dencies and the inference rules for multi-valued dependencies.

(b) Prove that {F'} — {C} can be derived using the inference rules for functional and multi-valued
dependencies.
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Question 4 [5 marks]
Let us consider the relation R = {A, B,C, D, E, F'} with the set of dependencies:

Y ={C} =B} D, B} — {F},{A} - {C, F}}.

(a) Give an expression of each of these dependencies as an egd or a tgd (ommitting universal (2)
quantifiers).
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(b) Using the chase, show that the decomposition of R into Ry = {A, B,C} and Ry = {A,D,E, F} (3)
is lossless.
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