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Instructions: All parts to a question must be answered in the same place 
in the answer sheet 

1. [2+2+4) 

(a) Use truth tables to find whether the following is a tautology, unsatisfiable, 
or satisfiable. 

( (p -t-¥= q) 1\ ( q V r) 1\ ( •r)) -t •P 

(b) Prove: 
•((3u)(Vv)(p)) +-+ (Vu)((3v)(•p)) 

(e) Translate the following sentences into expressions using quantifiers: If all 
clever philosophers are cynics, and only women are clever philosophers, then, 
if there are any clever philosophers, some women are cynics. 

2. [4+6) 

(a) Determine in each case whether f is one-to-one, and whether f is onto. 

i. f: Z -t Z and f(n) = n3 

ii. f: R -t Rand f(x) = ~!~ 
(b) The composition of functions f and g is denoted by fog, where (fog) ( x) = 

f(g(x)) 
i. If g and fog are onto(Surjective), is f onto(Surjective)? Prove. 

ii. Iff and fog are onto(Surjective), is g onto(Surjective)? Prove. 

3. [3+4+3) 

(a) Show that if a1 , a2 , ... , an are n distinct real numbers, exactly n - 1 multi
plications are used to compute the product of these n numbers no matter 
how parentheses are inserted into their product. Use strong induction. 

(b) Use the Well Ordering Principle to prove that there is no solution over the 
positive integers to the equation: 

4a3 + 2b3 = c3 

(c) Consider the following inductive definition for a language AB defined over 
the alphabet {a, b }. 

bE AB 

s E AB -t aas E AB 
s E AB -t bbs E AB 

Prove using structural induction that all strings in the language AB has an 
odd number of bs. 
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4. j2+3+4+3] 

(a) Prove that if you pick five numbers from the integers 1 to 8, then two of 
them mupt add up to nine. 

(b) How many ways are there to put n id~ntiGal objects into m distinct contain
ers so that no container is empty? 

(c) Consider the nonhomogeneous linear recurrence relation 

1. Show that an ·= n2n is a s.olution of this recurrence relation. 
'ii. Find all solutions of this recurrence relation. 

iiL ~ind the solution with a0~ = 2. 

(d) There a:re 75 participa[lts in a workshop. Aman has 25 identical souvenirs 
which he wishes to distribute to the participants, and each participant may 
get more than one souvenir. Use generating functions to determine the 
number of ways to distribute the. souvenirs. 
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