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READ THIS FIRST! 

1. You should write your answers for this part of the Comprehensive Examination in a 
BLUE BOOK. Be sure to write your MAGIC NUMBER on the cover of every blue book 
that you use. 

2. Be sure you have all the pages of this exam. There are 2 pages. 

3. The number of POINTS for each problem indicates how elaborate an answet is ex- 
pected. For example, an essay-type question worth 6 points or less doesn't deserve 
an extremely detailed answex, even though a person can expound at length on just 
about any topic in computer science. 

4. The total number of points is 60, and the exam takes 60 minutes. This "coincidencen n can help you plan your time. 
L. 

5.' This exam is CLOSED BOOK. You may not use any notes, d d a t o r s ,  computers, or 
outside help. 

6. Show your work, since PARTIAL CREDIT will be given for incomplete answers. For 
example, you can get d t  for making a reasonable start on a problem &en if the 
idea doesn't work out; you can also get credit for r e & i  that certain approaches 
are incorrect. On a true/false question, you might get partial credit for explaining 
why you think something is tme when it is actually false. But no partial credit can 
be given if you write nothing. 



Cornpreheluive: Autumn 1888 
Automata, Lanuuagu, and Mathematical Theory of Computation (80 points) 

Problem 1 (20 points). Given two ~tringc z and y over .a alphabet C, define rbufRe(z, y) to be 
the 8et of dl otringa over C, wbicb uo be obtained by duftling z aad 9 together in an arbitrary 
way. 

For instance, rtrufle(o, be) = (obc, bac,&a). 
sbufRe can be defioed recursively as follows: 

8hume(z, c) = {z} 
sbufZle(c, z) = {z) 
shuf?le(az, b) r {at : z f 8bufBe(z, by)) U (bz : z E sbuffle(az, 9 ) ) .  

Let L be m arbitrary regular language over C. 
la. h t  L, = {z E C* : 3y g Co (sbufBe(z, y) n L # 4)). 

I8 La n-y rtgulu? 
Is it n d y  eontext-fiw? 
Jpltify y o u  -era briatly. 

1b. Let & = (zy : 2,s E C* md dudYe(z, 8 )  n L # 4). 
Is n d y  m? 
Is it necmsdy context-bee? 
Jtmtify your anrartrs briefly. 

Problem Z (10 points). h h m e  that there h no polynomial-time program that, giwn a graph, . 
p ~ b  a b d t d 8 a  ~y&, w h a  m e  -. P?OW th.t the d&n p t o b h  .HAY ~ LTONIAN 
CYCLE" (doas the given graph have a HaxnUtoaisn cycle?) b not in the el= P. 

. .  . 
Problem 3 (20 poinu). 

Sa. Give tbe strongest m b b  B m a t y l c  vaibeation rule to prove the partid correctness of 
the natement remt P until E (where P is  a progun and E an ucprdon). 

3b. Consider the f- ptogun Q to compute the quotient and remainder of a nonnegative 
integer r and r poritive integer p: . 

( t L O  (\ r > 0 )  
quot := 0; mm := 2; 

whik @(r, V,  m)) rtm 5 11 do . 
w 

i : = l ; z : = s  - . 
mP-t 

qwt := qaot +.i; ma := rem - X;  

i : r r i + i ; t = z + z  
until { ~ z , ~ q ~ , r e m , i , z ) }  rwq < z . 

and 
{ z = # * ~ u o t + r e m  A O $ n m < y ) .  

Sketch a proof of the putid correctness bf Q, using the rule you gave in (a). In puticolu, 
give loap inmrhtn p and g such that all vdot ido  conditions have trivial prooh (you need 
not prow them). 

Sc . &dine 8 variaat h c t h  into a well-founded set, u d  sketch a proof of the termination d Q. 



Problem 4 (10 pointr). Prove that the set of all Turing machines that accept infinitely many a inputs is not r.e. 

b 
E Hint:: Compare the problem of whether a Turing mlchine accepts infinitely many inputs with 

the complement of the halting problem. 




