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Qualifying Exam — 2002 — Morning Session

1. (a) Find the closed form for:

1, ifn=1;
T(n) = |
9T(n—1)+0©(2"2), ifn>1.

and explain why the Master Theorem (T. Cormen et. al., "In-
troduction to Algorithms”, MIT 1990, page 62) cannot be used in
this case. .

(b) Define what is meant by a countable set.
(c) Show that the set of all finite binary strings is countable.
(d) Show that the set of all infinite binary strings is not countable.
2. A d-tuple (21, ..., z4) is said to be nested within another d-tuple (Y1, o5 Ya)

if there exists a permutation 7 on {1,2,...,n} such that z.; < y;,
vj e {1,...,n}.

(a) Show that the nesting relation is reflexive and transitive, but it is
not an equivalence relation. '

(b) Describe a O(d*) method to determine whether or not a d-tuple
nests inside another

(c) Given a set of n d-tuples, describe a polynomial algorithm to de-
termine the longest subset of d-tuples that are nested. Express
the running time of your algorithm in terms of n and d.
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Define what is meant by the class P.
Define what is meant by the class NP.
c¢) Explain the importance of the P = NP problem.
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Define what is meant by an N P-hard problem.

—
[

Define what is meant by an N P-complete problem.
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(f) Give an example of an N P-hard problem that is not N P-complete
and prove your answer. '

(g) State Cook’s theorem. Explam the implications of this theorem
for the P = NP problem.

(h) The conjuctive boolean query problem is defined as follows. Given
a finite domain D, a collection R = {Rj, ..., Ry} of relations where
the arity of R; is d;, and a conjuctive boolean query

Q = (3y17y2> ’yl) (Al TAN A‘z FANCIEEWAN AIL)

where each A; is of the form R; (;41, 77700 ud]) where each p; €

{y1, -, it U D; is Q true when interpreted as an statement about
R and D?.

Prove that the conjuctive boolean query is N P-complete.

4. (a) Define what is meant by a Turing-decidable language.
(b) Show that

HALTry = {(M,w)| Mis a Turing machine that halts on input w}

is undecidable.

(c) Comment on the implications of (b) to the automation of program
verification.
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Theorem 4.1 (Master theorem)
Let a > 1 and b > 1 be constants, let f(n) be a function, and let T'(n) be
defined on the nonnegative integers by the recurrence

T(n)=aT(n/b)+ f(n),

where we interpret n/b to mean either |n/b] or [n/b]. Then T(n) can be
bounded asymptotically as follows.

1. If f(n) = O(n'°%2=¢) for some constant € > 0, then T(n) = O(n'*% )
2. If f(n) = ©(n'°® ), then T(n) = O(n'°&%1gn).

3. If f(n) = Q(n'°%2+¢) for some constant € > 0, and if af(n/b) < cf(n)
for some constant ¢ < 1 and all sufficiently large n, then T(n) =

e(f(n)).

Taken from: Page 62. Introduction to Algorithms. T.H. Cormen, ed al. Mc Graw Hill, 1999
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DB-1. The following ER diagram is part of the conceptual design of a vector-based
Geographical Information System (GIS) database. Design a relational database that is consistent

with this design. Include all the relational schemas, primary keys and foreign keys.

relational notation to specify your answer.

Location

Vector

LocHasVector

VectorHasPoints

from to
Point coordinates
X
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DB-2. Assume two relations R(A, B, C) and S(D, E, F) that are union compatible (i.e. both
have the same number of columns, the names of columns are the same in both relations, and
corresponding columns with same name have the same type). In each relation, the underlined
attribute is the primary key. Relation R has a cardinality of 50,000 tuples, while relation S has a
cardinality of 100,000 tuples.

In this problem you will estimate the maximum cardinality of the relation resulting from a series
of relational expressions. For instance, if column A has no duplicates in relation R, then the
expression I1,(R) will produce at most 50,000 tuples. Likewise if the expression B = 2 is only

satisfied by 50% of tuples in R, then the expression Op— 2(R) will produce at most 25,000
tuples. o

Estimate the results of the following relational expressions and concisely justify your answer:

a) RUS
b) RxS
¢) RNS
d) (O RN g (8> where C = 4 is satisfied by 35% of tuples in R and E has no
duplicates
>< Natural join of R & S
e) R RA=SD S( join )
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DB-3. Consider the following relational database:

Employee (person-name, street, city)

Works (person-name, company-name, salary)
Company (company-name, city)
Manages (person-name, manager-name)

In each relation, the primary key field has been underlined. Relation Employee has personal
information about employees at various companies. Relation Works indicates where does a given
employee works, and the salary. Relation Company has information about the existing
companies on a city. Finally, relation Manages stores information indicating the manager of each
employee. ' ‘

Based on this schema, give an SQL expression for each of the queries expressed below. For
example, the query “Find the name and city of all employees that work at Western Bank” is
expressed as:

SELECT E.name, E.city

FROM Employee E, Works W

Where E.person-name = W.person-name
And W. company-name = “Western Bank™.

List of queries to be expressed in SQL:

a) Find the names of all companies in San Juan having employees with a salary greater
than $70,000.

b) Find the name and salary of all employees who live in the same city as the company
in which they work.

c) Find the name, street, city and salary of all employees from Banco Popular that have
a salary greater than the average employee salary at Western Bank.

d) Find the name of all employees from First Bank working under the supervision of
manager Tom Smith.
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