Stanford University Computer Science Department
2005 Comprehensive Exam in Databases

SAMPLE SOLUTION

. Relational Algebrg12 points). In this question, we uséX] to represent the components of
tuplet in attributesX. Let relationR have schem&Y (i.e., the set of attribute¥ UY’) and

let relationS have schem& 7. AssumeX, Y, andZ are disjoint. Thestrong joinof R by S

is the set of tupleg| X ] such that is a tuple ofR, and for all tuples- in R (includingt) such
thatr[X] = ¢[X], there is some tuple in S such that-[Y] = s[Y]. Write, as a sequence

of assignments of relational-algebra expressions to variables, a program that computes the
strong join of R(A, B) by S(B, C'). Note: you should use only the basic relational-algebra
operators: select, project, union, intersection, difference, product, natural join, and theta-
join. Also, please explain what each step is doing, if you want to be considered for partial
credit.

Ty:=R—myap(RaS)
T2 = 7TA(T1) > R
Answer ;=4 (R) — ma(T5)

. Functional Dependencéd8 points). Armstrong’s axioms for functional dependencies are:

(a) Reflexivity If X C Y, thenY — X.
(b) Augmentationlf X — Y, thenX7Z — Y Z.
(c) Transitivity. If X — Y andY — Z, thenX — Z.

From these axioms, prove thmion rule If X — Y andX — Z, thenX — Y Z. Note
that X, Y, andZ are sets of attributesy'Y” denotesX U Y, and nothing about disjointness
is assumed.

(1) FromX — Y getXZ — Y Z by Augmentation
(2) FromX — Z getX — X7 by Augmentation
(3) From (1) and (2) geX — Y Z by Transitivity



3. ODL and E/R Modelg6 points). Your answers to (a) and (b) will be judged not only on
being truthful, but also on selecting among all options the things that are most significant.

(@) (4 points) Name two things that object-oriented models such as ODL offer the de-
signer and that are not found in the E/R model.

e Methods
e Complex data types

(b) (2 points) Name one thing that the E/R model offers that ODL does not.

e Multiway relationships

4. XML (8 points). Here isa DTD:

<IDOCTYPE a [
<IELEMENT a (b+, c*)>
<IELEMENT b (c?)>
<IELEMENT c¢ (#PCDATA)>
1>

(a) (3 points) Give a shortest (fewest number of elements) example of a sequence of opening and
closing tags that is valid for this DTD.

<a> <b> </b> </a>

(b) (5 points) Give a shortest (fewest number of elements) example of a well-formed sequence of
opening and closing tags wheads the root tagb andc tags are also present, but the sequence
is notvalid for this DTD.

<a> <c> </c> <b> </b> </a>

5. Multivalued Dependencies and SQL Constraifit8 points). Consider a tabl&(A, B, C'). Make no
assumptions about keys.

(a) (6 points) Using SQL Assertions, write an assertion stating that the multivalued dependency
A—— B holds onR.

create assertion MVD check (
not exists (
select * from R R1, R R2
where R1.A = R2.A
and (R1.A, R1.B, R2.C) not in (select * from R)))



(b) (4 points) Can you enforce the same dependency using SQL Tuple-Badec kconstraints?
If so, show the constraint(s). If not, explain why not.

Although the above general assertion can be translated directly to a tuple-based
check constraint, it will only be checked on insertions and updatés t8ince dele-
tions toR can cause an MVD violation, a tuple-based check cannot enforce an MVD.

6. SQL EquivalencéB points). Consider the following two SQL queries over tablésA, B) andS(C).
Make no assumptions about keys.

Q1: select A from R Q2: select distinct A from R, S
where B in (select C from S) where R.B = S.C

Are these two queries equivalent? That is, do they return the same answer on all possible instances
of R andS? If so, justify why. If not, show a counterexample.

Not equivalent
Let R = {(1,2),(1,2)} andS = {2}
Q1 returns{1, 1} while Q2 returns{1}

7. Transactionq8 points). Consider a relatioEmp(ID,salary) storing employee IDs and salaries,
where ID is a key. Consider the following two transactions:

T1: begin transaction
update Emp set salary = 2*salary where ID
update Emp set salary = 3*salary where ID
commit

25
25

T2: begin transaction
update Emp set salary
commit

100 where salary > 100

Suppose the salary of the employee with ID=25 is 100 before either transaction executes.
(a) (4 points) If both transactions T1 and T2 execute to completion with isolation Ilesgaliz-
able what are the possible final salaries for the employee with ID=257

100, 600

(b) (4 points) Now suppose transaction T1 executes with isolation lexatl-committedtrans-
action T2 executes with isolation levedad-uncommittedand both transactions execute to
completion. What are the possible final salaries for the employee with ID=257?

100, 300, 600



