
Homework 1CS 321Due Date: 10/9/09, 2 PM1. Sear
h the web and �nd 3 di�erent appli
ations of �nite state automata other than digitallogi
 design, neural networks, and s
anners. Give a brief des
ription or example of ea
happli
ation.Answer: Sear
h for �nite state ma
hines on the web. Example appli
ations in
lude 
omputergames, software spe
i�
ations, user interfa
es, robot 
ontrol, and others.2. Se
tion 1.1. Problem 4. Consider the relation between two sets de�ned by S1 � S2 if andonly if jS1j = jS2j. Note jSj is the size of the set S. Show that this is an equivalen
e relation.Answer:(a) Re
exive: jS1j = jS1j(b) Symmetri
: jS1j = a and jS2j = ba = b) b = a) jS1j = jS2j ) jS2j = jS1j(
) Transitive: jS1j = a jS2j = b and jS3j = 
a = b ^ b = 
) a = 
jS1j = jS2j ^ jS2j = jS3j ) jS1j = jS3j3. Se
tion 1.1. Problem 26. Show by indu
tion on n thatnXi=1 1i2 � 2� 1n (1)Answer:(a) Base 
ase n = 1 : 112 � 2� 11 ) 1 � 1 (Corre
t)(b) Assumption for n: Assume that Pni=1 1i2 � 2� 1n is 
orre
t(
) Indu
tive step n+1Xi=1 1i2 ??� 2� 1n+ 1n+1Xi=1 1i2 = nXi=1 1i2 + 1(n+ 1)2nXi=1 1i2 + 1(n+ 1)2 � 2� 1n + 1(n+ 1)2 (by the assumption)2� 1n + 1(n+ 1)2 = 2� (n+ 1)2 � nn(n+ 1)2 = 2� (n2 + n+ 1)n(n+ 1)2 � 2� (n2 + n)n(n+ 1)2 = 2� 1n+ 1) nXi=1 1i2 + 1(n+ 1)2 � 2� 1n+ 14. Se
tion 1.1. Problem 31. Show that p3 is not a rational number.Hint: Follow the proof that p2 is not a rational number in the book.Answer: 1



� Assume that p3 is a rational number) p3 = ab s.t. a and b have no 
ommon divisor.) 3b2 = a2) 3 is a divisor of a2) 3 is a divisor of a) 3b2 = 9k2 (we repla
e a with 3k)) b2 = 3k2) 3 is a divisor of b) b and a have 
ommon divisor !!Contradi
tion!!) p3 is not a rational number5. Se
tion 1.2. Problem 1. Use indu
tion on n to show that junj = njuj for all srings u andintegers n � 0.Hint: Use the fa
t that ui+1 = uiu and u0 = �.Answer:(a) Base 
ase n = 0 : ju0j = �(b) Assumption for n: Assume that junj = njuj is 
orre
t(
) Indu
tive step jun+1j ??= (n+ 1)jujjun+1j = junuj = junj+ juj = njuj+ juj (from assumption) = (n+ 1)juj6. Se
tion 1.2. Problem 8. Show that (L1L2)R = LR2 LR1 .Hint: Use the following fa
t (problem 2) as given. For any strings u,v over some alphabet(uv)R = vRuR. Note that uR is the reverse of string u. (L)R is the set of reverses of stringsin L.Answer: Use indu
tion on the length of the string v(a) Base 
ase n = 1 (v = a) : (uv)R = (ua)R = auR = aRuR = vRuR(b) Assumption for n: Assume this is true for any v su
h that jvj <= n(
) Indu
tive step We will show it is true for jvj = n+ 1.Let v = wa. Sin
e w is of length n, (uw)R = wRuR.(uv)R = (uwa)R = (uwa)R = a(uw)R(by def of R given in pg 26)= awRuR (by indu
tive hypothesis)= (wa)RuR (by def of R given in pg 26)= vRuR (sin
e v = wa).7. Se
tion 1.2. Problem 14(a). Give a grammar to generate the language L1 = fanbm : n �0;m > ng:Answer:� S ! b� S ! Sb� S ! aSb8. Se
tion 1.2. Problem 14(b). Give a grammar to generate the language L2 = fanb2n : n � 0g:Answer:� S ! aSbb� S ! � 2


