Stanford University Computer Science Department
2002 Comprehensive Exam in Databases - SAMPLE SOLUTION

1. (6 points) Consider an Entity-Relationship diagram with a 3-way relationship & connecting
entity sets A, B, and O, In the E/R diagram, there are arrows entering B and ¢ from R, but
no arrow entering A. Suppose the number of entities currently in entity sets A, B, and C are
a, b, and ¢, respectively. Also suppose that there are currently r triples in the relationship set
for A.

(a) It must be that r < ab. Explain why.

Answer: The arow into C' tells us that for any A-B pair, there can be at most one
associated C' in the R relationship set. Thus, there can be at most ab triples in that set.

(b) What other nontrivial constraints on values a, b, ¢, and r must hold?

Answer: r =< ac holds as well. Nothing clse that does not follow from r < ab and
7 < ac holds.

2. (12 points) Suppose we have a relation R(A, B, C, D, E F,G, H, I, J) with the following
nine functional dependencies:

FI = C
AC —= I
ES = H
GI = E
o = FE
DE — B
EF = H
BE — A
idJ = D

(a) Compute the closure (CFGJ)T, that is, the set of attributes that must be equal in any
two tuples that agree on all of C, F, &, and J.
Answer: CEFGHJ.

(b) Three of the ten attributes must be in any key. Which three are they, and why? (There
is a brief, simple, explanation that does not require you to find all the keys.)

Answer: F, (7, and J must be in every key, since they do not appear on the right side
of any FD.



{¢) Find the smallest key, and explain why there is no other key of the same size or smaller.
Answer: FGIJ is the smallest key. It is easy to check that its closure is all the at-
tributes, so it is a superkey. Every key contains F'GJ, but F(GJ by itself is not a key —
it is its own closure. Thus, at least 4 attributes are necessary, and therefore F'GI.J isa
key, not just a superkey. We have only to check that there are no other 4-attribute keys.
These could only be FG.J and one of 4, B, C, D, E, or H. We could check each set,
and see that its closure is less than all the attriubutes, but there is a quicker argument.
Ohserve the first two FD's, and note that these are the only ways toadd f or C to a
closure. But each requires that the other be present in the closure already. Thus, only
CFGJ could be a 4-attribate key. But we muled that out in part (a).

3. (6 points) Suppose relation R A, B, C, D, E) satisfies the multivalued dependencies A—++B
and B—++D. Also suppose that R contains the tuples (0, 1,2, 3, 4) and (0, 5, 6, 7, 8). List the
tuples in the smallest possible relation that B could be.

Answer: The cight tuples described as follows. Ais0. Bislor 5. Dis3or 7. O and E are
either 2 and 4, respectively, or 6 and 8, respectively.

4. (10 points) In the following, all outerjoins should be assumed “natural.”

{(a) If we use the set model of relations, then it is possible to express the full outerjoin of

two relations as the union of the left-outerjoin and right-outerjoin of these two relations.
Explain why this formula produces the full outerjoin.
Answer: A tuple in the outerjoin is either (1) in the (inner) join, or (2) it is a padded
tuple from the left argument, or (3) it is a padded tuple from the right argument. The
left outerjoin gives us (1) and (2), while the right outerjoin gives us (1) and (3). Thus,
their union gives us exactly (1), (2), and (3).

(b} Show that the the formula from (a) does not work if we use the bag (multiset) maodel of
relations.
Answer: The tuples of the inner join (1) are counted twice when we take the bag union.
Thus, as long as the inner join is nonempty, there will be more fuples in the union of
the left- and right-outerjoins than in the full outerjoin.

{c) For the bag model, is there any way to express the full outerjoin in terms of the left- and
right-outerjoin and other operations of relational algebra? Either give such a formula
or show that none exists.

Answer: The union of the left- and right-outerjoins, minus the (inner) join has exactly
the right number of occurrences of each wple.

5. (6 points) Consider relations (A, B, C) and 5(A, B, C') with no assumptions about keys.
For the following two statements using relational algebra, state the constraint or property that






restaurant date |
ByLes 471702
Bytes 3531502
Coffes House | 3/15/01
Coffes House | BSLS00

Thai Cafe 1/710/02
Tresidder 3710/01
Tresidder 3/9/01

Your SQL query will be graded on simplicity as well as correciness.
Answer:
select restaurant, date
from Visit V1
where (select count (*) from Visit V2
where VZ.restaurant = V1.restaurant
and V2.date »>= Vl.date) == 2
order by restaurant, date desc





