Theory Comprehensive Exam
Department of Computer Science
Yale University
May 18, 2000

For this exam vou mav take as known facts thet 3-5AT, Verex Cover,
Cligue, Hamiltonian Circuit, Bin-packing and Subset-sum are Al N0-Cooplee:
prablems. You may also assume access to 4 source of random bils

120 8] Yo are given a word woof length o {over some conscant-sed
alphabet), a set of e words oy, £y, .o mn of length at most w2 each, and
an integer k. The problem is v determine if theet ia same sequence
2z, . o.ix o indices (not oecessarily odistioet] such that w ocan be
written by concatenating .., T .. .5, - [ln other words, if w ocan be
Lroken up inte exactly & words from the list.!

Give a polynamial-tiion algoritho thao determines if such & seeuenue
exists, or show that this problem is NM-complere.

2. 20 pls) Benand Jeery veed o exchange secret information §Cigalyes
of it] over an open® byt authesticated? channel. At the present time,
they share no secret informativa. Bxplain low they can sohve this prob-
letn without using an alcernative communication chanel. Be thorough
imovomr explanation oo if yau write “Ben generates a prime numboer”,
give the size pf the oumber and explain the method by which 1t s fouarel.

Pomen” msins aovhady ran listen in.
Fhagpnenricated” messages cionob b altens) by a ehicd party.



=1

Do any fewr of the following problems. Please do not do all five.

(15 pes) Calewlate 109%™ medulo 77 Explain your method, Do noc
use: A calculator.

(15 pts) Design a decerrministic Grioe aucamaton that acceps g Tinary
string w if and only il @ containg the patlern ] 101 o ends wilh GO

i13 pts] The encrics of an n ¥ o matrix A ace integers sl thal
MEJ+ 1= A e 3 and Me+ 1, )] = M[i, |- The problem is to find
aut whether ot not che matrix containg an eolry with the ooober 10
ou may ask to see any entry in the mateiz. The “complexity™ of the
problem is the number of matrix entries vou necd to laok at Giee the
best upper and lewer bownds vou ean for this probleon.

L 13 pty] Consider retling 5 (six sided] dice. Event "TRIPLE" is defined
as "chree or mare dice show the saroe mumber” . Event, “TWO TAIRS
s clefuuwsd as "rwa distingh ngoibers appesr 81 least twice”. What is Lo
prabability that either or Loth of these events oceur?

i 15 pts) The “wheel subgraph problem” is defined as follows. given a
graph & and a number &, decide if G concaing o subgeaph caonsistieg of
a wheel wich & spokes (see picture helow).

Give a polynomial-cime algorithm chat determines if G contains snch
a vubgraph, or show that this problem is NP-complete.
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