
CS 132Algorithms and Computation(Answer 2 questions out of 3)
Question 1Consider the following algorithm, whi
h takes two natural numbers a and b as input:Sphinx (a; b)1 d 02 i a3 while i > 0 do4 d d+ b5 i i� 16 od7 output da) Exe
ute the algorithm Sphinx for the inputsi) a = 0; b = 3ii) a = 1; b = 3iii) a = 2; b = 3Use for this the following s
heme:� a = : : :� b = : : :� PC d i 
omments� The output is . . . [6 marks℄b) Formulate the 
omputational problem whi
h is solved by Sphinx. [4 marks℄
) Argue why Sphinx terminates for all inputs. [5 marks℄. . .



d) Consider the running time of Sphinx, where the assignments and 
omparisons have
ost 1, and all other operations are free (i.e. the exe
ution of the lines 6 & 7 does notin
ur any 
ost).i) Give the total number of steps for the inputs� a = 0;� a = 1; and� a = 2:(Note that the running time does not depend on the input b in our 
ost model.)[6 marks℄ii) Give a formula for the running time depending on a: [4 marks℄
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Question 2a) Consider the following list of natural numbers: 4; 3; 2; 1: Explain the Divide & Con-quer approa
h of the algorithm MergeSort on this 
on
rete example [8 marks℄b) Prove the following:i) 4n2 � 3n+ 6 = O(n2)ii) n2 + 7 6= O(n)iii) 2n2 � 4n+ 5 = 
(n2)iv) 3n� 4 6= 
(n2) [8 marks℄
) Consider the following des
ription of integer 
onstants taken from the Java LanguageSpe
i�
ation:� A NonZeroDigit is an element of the set f1; 2; 3; 4; 5; 6; 7; 8; 9g.� A Digit is an element of the set f0; 1; 2; 3; 4; 5; 6; 7; 8; 9g.� A De
imalNumeral is a non-empty word. If the �rst symbol of a De
imalNumeralis `0', the word has length 1. If the �rst symbol of a De
imalNumeral is aNonZeroDigit, the word 
an have arbitrary length, where all symbols apartfrom the �rst are out of the set Digit.Write regular expressions over the signature � = f0; 1; 2; 3; 4; 5; 6; 7; 8; 9g that des
ribethe languagesi) NonZeroDigitii) Digitiii) De
imalNumeral [9 marks℄
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Question 3a) Consider the operation of 
on
atenation, denoted by the symbol Æ; of two strings.i) Give the de�nition of 
on
atenation. [4 marks℄ii) Let � = fa; b; 
g be an alphabet. Prove ea
h of the following:i. ab
 = ab Æ 
ii. abdd 6= ab Æ 
d [4 marks℄b) Let L := fw 2 f0; 1g� jw has an even number of 00s and an even number of 10sg bea language over the alphabet � = f0; 1g:i) Give an example of a word whi
h belongs to L; and an example of a word whi
hdoes not belong to L.ii) Draw the graph of a deterministi
, �nite automaton whi
h re
ognises L.[9 marks℄
) Let L be the set of strings of 0's and 1's su
h that there are two 0's separated by apositive number of positions that is a multiple of 3. (Note that 0 is not an allowablemultiple of 3.)i) Give an example of a word whi
h belongs to L; and an example of a word whi
hdoes not belong to L.ii) Draw the graph of a non-deterministi
, �nite automaton whi
h re
ognises L.[8 marks℄

4


