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Section of Theoretical Foundations 

QUESTION 1. (40 points)
a.

i. Prove or give a counter example for each of the following conjectures. All 
the functions are asymptotically positive. 
(1) (2 ) ( ( ))f n O f n
(2) ( ) ( ( )) ( ( ))f n o f n f n
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ii. Explain how o -notation and -notation  (as described below) are
different.

O

iii. Give an example of two asymptotically positive functions where
( ) ( ( )f n O g n ) but ( )f n  is not o g ).  Explain why.( ( )n

iv.  The recurrence relation tn = 3tn-1 + n is solved by .  Find b
and .

3n
nt a bn c

c

b. Describe each of divide-and-conquer method, dynamic programming and 
greedy algorithm. Moreover, explain what are the main similarities and 
differences between dynamic programming and greedy algorithms. In 
particular explain what are meant by optimal sub-problem and greedy-choice
property.

c. Give a divide and conquer algorithm for multiplying two polynomials, of 
degree or less, where  is a power of 2.n n

(Hint: Write a polynomial say p  of degree n as 1 2
0 1 1 0 1( ) ( ) ( )n

n
2p x a a x a x p x xp x

where / 2 1
0 0 2 2( ) n

np x a a x a x , and )/ 2 1
1 1 3 1( ) n

np x a a x a x

Give a time analysis of your algorithm. 

d. Give aO n ) time algorithm to find the longest monotonically increasing 
subsequence of a sequence of n numbers.

( lg( )n
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NOTE : In QUESTION 1 we use the following definitions: 

-notation
( ( )) { ( ) :g n f n

0 ( )c g n f n
 There exists positive constants and  such that

 for all n n
0 ,c c1

)

)

0n

0 1( ) (c g n 0}.

O -notation:
( ( )) { ( ) :O g n f n  There exist positive constants  and  such thatc 0n 0 ( ) (f n cg n for

all 0}.n n

-notation
( ( )) { ( ) :g n f n

0}.n n
 There exists positive constants  and n   such that for

all
c 0 0 ( ) (cg n f n)

)

o -notation
( ( )) { ( ):o g n f n

0 ( ) (
For any positive constant , there exists a constant such that c 0 0n

f n cg n  for all n n0}.

QUESTION 2. (30 points)

a. Define: 
(i) deterministic finite automaton
(ii) non-deterministic finite automaton 
(iii) regular expression,
(iv) regular language
(v) context-free grammar
(vi) context-free language

b.   If  = {0, 1} is the alphabet, write a regular expression whose language is all 
strings containing three ones. 

c.  Show that finite languages are regular languages. 

d. Prove or disprove the following claim: “If G is a context-free grammar that 
contains solely rules of the form of V  a and V  aU; where V and U
represent (not necessarily different) variables and a represents a literal; then 
G generates a regular language”.
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QUESTION 3. (30 points)

a. Define:  
(i) time complexity 
(ii) P class of complexity 
(iii) NP class of complexity 
(iv) NP-complete 
(v) NP-hard.  

b. Prove or disprove the following claim: “P is closed under intersection.”

c. Show that the problem described as: 

Instance: A direct graph G and two nodes n1 and n2 in G.
Question: Is there a path from n1 to n2?

Is in P. 

d. Criticize from any possible angle the following statement and its proof.  

Theorem: P    NP 
             Proof: Consider the following Turing Machine for solving the SAT    

 problem: 

 S = “On input w: 
1. Try all possible assignments to the variables. 
2. If an assignment satisfy w, ACCEPT. Otherwise REJECT.”

This Turing Machine requires exponential time.  Thus SAT has 
          exponential time complexity. Therefore, SAT is not in P. But since,

            according to Cook-Levin Theorem, SAT is NP-complete, P   NP.
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Qualifying Exam – Friday, August 22, 2003 
Section of Computer Architectures 

 
 
SELECT FOUR OUT OF THE FOLLOWING FIVE QUESTIONS 
 
 
QUESTION 1. (25 points) Discuss why a RISC architecture is superior than a CISC 
architecture.  Mention two advantages and two disadvantages of each approach. 
Justify your answers. 
 
 
 
QUESTION 2. (25 points) Describe in detail the following subroutine supporting 
mechanisms: 
 

2.1   Register windows 
2.2   Coloring 
2.3   Stack 

                     
Explain which of these mechanisms is superior in terms of performance. 
 
 
 
QUESTION 3.  (25 points) Provide a graph for the number of hits vs. Cache size for 
fully associative cache; for the following sequence of accesses to memory blocks: 
 
                                                  1, 2, 3, 4, 2, 5, 6,  2, 7, 8, 2, 4, 9, 2. 
 
The cache sizes must be 2, 4, 8, and 16 blocks. You are requested to produce one 
graph for the LRU replace mechanism and one for the FIFO replace mechanism. 
 
     Note: hit ratio = number of cache hits divided by the number of accesses 
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QUESTION 4.  (25 points) 
 

a. (15 points) Represent the following numbers in IEEE standard, single 
precision, floating format  

 
  (a.1)      1.9 
  (a.2)      -.015 
  (a.3)      135 
 
  b. (10 points) Write the following IEEE 754 floating point numbers in the 

usual base 10 representation. 
 
 (b.1)       01110000011010000000000000000000 
 (b.2)       00000000000000000000000000000000 
 
 
 
QUESTION 5.  (25 points) 

 
Describe in detail what happens at hardware and operating system levels In 
the event of a page fault in a Virtual Memory System.   
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Qualifying Exam – Friday, August 22, 2003 
Section of Databases 

 
 
 QUESTION 1. (30 points) Consider the following three relations: 
 

• Branch(bid, name, city, assets) – Information about the braches of a bank. 
The columns indicate the branch id number, the branch name, the city of 
location, and the total amount of assets in the branch. 

 
• Customer(cid, name, street, city, age) – Information about the customers of a 

bank. The columns indicate the customer id number, customer name, street 
of residence, city of residence, and age. 

 
 
• Account(cid, bid, type, balance) – Information about the accounts opened 

with a  bank. The columns indicate the customer id of the owner, branch id in 
which the account was opened, the type of account (saving, check, IRA, etc), 
and the current balance in the account. 

 
For each relation, the underlined attributes form the key of the relation. Using this 
information give a relational algebra expression for each of the following queries: 
 

a) (10 points) Get the name and customer id for all customers from Miami 
having an IRA account with balance over $2,000. 

 
b) (10 points) Get customer id, customer name, account id and branch name for 

all customers who have a savings account on branch located in the city that 
they live on. 

 
c) (10 points) Get the customer id, branch, and balance for all checking 

accounts owned by customers that live either in Boston or Los Angeles. 
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QUESTION 2. (30 points) Using the same information about relations from the 
previous problem, write an SQL expression to answer the following queries: 
 

a) (10 points) Get the average balance of checking accounts for each city. 
 
b) (10 points) Get customer id, customer name, branch id for all customers that 

have more savings than the average savings balance of the branch in which 
the account is located. 

 
c) (10 points) Get the customer id, branch id, and branch city for all checking 

accounts having a balance greater than $500 but less or equal than $1600. 
 
 
 
 
 
QUESTION 3. (40 points) A DBMS models a computer disk as an array of disk 
pages, where each page has a size of 4KB. Records are stored in these pages, and 
a record cannot spawn two pages. That is, if a record doesn’t fit into the unused 
space of a given page Pi, then it must be stored into another page Pj that has 
enough room for the record, thus potentially leaving some wasted space in Pi. 
Suppose we need to store a relation R in which tuples have a fixed size of 150 
bytes.  With this information answer the following questions. Show all your 
calculations. 
 

a) (7 points) Describe in your own words a storage allocation scheme yielding 
minimal unused intra-page space when storing 1200 records of relation R. 

 
b) (7 points) In the scheme described in (a), what is the number of pages 

required to store 1200 records of relation R. 
 
c) (7 points) In the scheme described in (a), how many bytes are allocated by the 

DBMS to store the records of relation R including any wasted space? 
 
d) (7 points) What is the total amount of space wasted (unused) to store 1200 

records of relation R? 
 

a) (12 points) Provide a mathematical expression for a function minwn(tuples, 
psize, tsize) returning the minimal amount of wasted space in bytes yielded 
by a DBMS storing ntuples records of size tsize into pages of size psize. 
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