COT 4210 Homework #1 

Assigned: 1/8/02

Due: 1/17/02, in class

Chapter 1

1) (1.19) A total function from N  to N is said to be repeating if f(n) = f(n+1) for some n ( N. Otherwise, f is said to be nonrepeating. Prove that there are an uncountable number of repeating functions. Also, prove that there are an uncountable number of nonrepeating functions.

2) (1.37) Let p = {A,B} be a set consisting of two proposition letters (Boolean variables). The set E of well-formed conjunctive and disjunctive Boolean expressions over P is defined recursively as follows:

   i) Basis: A, B ( E.

   ii) Recursive step: If u, v ( E, then (u ( v) and (u ( v) ( E.

   iii) Closure: An expression is in E only if it is obtained from the basis by a finite

         number of iterations of the recursive step.

a) Explicitly give the Boolean expressions in the sets E0, E1, and E2.

b) Prove by mathematical induction that, for every Boolean expression in E, the number of occurences of propsition letters is one more than the number of operators. For an expression u, let np(u) denote the number of proposition letters in u and no(u) denote the number of operators in u.

c) Prove by mathematical induction that, for every Boolean expression in E, the number of left parentheses is equal to the number of right parentheses.

Chapter 2

3) (2.5) Give a recursive definition of the set {aibj | 0 < i < j}.

4) (2.11) Let L1 = {aaa}*, L2 = {a,b}{a,b}{a,b}{a,b}, and L3 = L2*. Describe the strings that are in the languages L2, L3, and L1 ( L3.

Give a regular expression for the following sets:

5) (2.17) The set of strings over {a,b,c} that do not contain the substring aa

6) The set of strings over {a,b} that contain the same number of occurences of the substring ab and the substring ba.

7) (2.35) The set of strings over {a,b,c} with an odd number of occurences of the substring ab.

8) (2.38) Use the regular expression identities in Table 2.3.1 to establish the following identities:

a) (ba)+(a*b* ( a*) = (ba)*ba+(b* ( ()

b) b+(a*b*( ()b = b(b*a*( ()b+

d) (a ( b)* = (a* ( ba*)*

COT 4210 Homework #2 

Assigned: 1/17/02

Due: 1/29/02, in class

Chapter 6

1) Do question 3 in the textbook. (pg 189)

2) Create a DFA to accept the set of strings over {a,b} with odd length and an even number of b's.

3) Do question 34d in the textbook. (pg 193)

4) Let M  = {Q, (, (, q0, F} be an NFA. Consider the following construction of a machine M' = {Q, (, (, q0, Q - F}. 

a) Does M' accept the complement of L(M)?

b) If you answer to question a is yes, prove it. If it is no, create an NFA M and a corresponding NFA M' using the construction above such that L(M) and L(M') are not complementary.

5) Do question 32 in the textbook. (pg 192)

6) Let M be a NFA that accepts strings over the alphabet A = {0, 1, 2, 3}. Consider representing a string from A* using the alphabet A' = {0, 1}. In particular, to transform any string using A into an equivalent string using A', simply convert each 0 to 00, each 1 to 01, each 2 to 10 and each 3 to 11. (For example, the string 0321 would be equivalent to the string 00111001. Let L1 = L(M). Define L2 to contain all strings using alphabet A' that are equivalent to strings in L1 using alphabet A. Describe formally how to create an NFA M' that accepts precisely the strings in L2.

COT 4210 Homework #3 

Assigned: 1/29/02

Due: 2/5/02, in class

Chapter 6

1) Using the algorithm in section 7.2 of the text, create a regular expression that is equivalent to the language accepted by the DFA in example 6.3.5 in the text on page 165.

2) Let G be the grammar


G: S  ( aS | bA | a


     A ( aS | bB | b

                 B ( bA | aS | (
Build a NFA M that accepts L(G).

3) Do question 14 in the text (pg 224).

4) Prove that L = { ww | w({a,b}*} is not a regular language by using the pumping lemma.

5) Prove that L = {aibj | i(j, i(N,j(N} is not a regular language by using the pumping lemma.
COT 4210 Homework #4

Book exercises: Chapter 3: 3, 8



   Chapter 5: 7, 17, 18
COT 4210 Homework #5 

Book exercises: Chapter 8: 1a, 3g, 12, 18

Extra Question: Is it possible for the union of two non-regular context-free languages to be a regular language?

COT 4210 Homework #6

Assigned: 3/21/02
Due: 3/28/02

1) Do problem #2 on page 291 of the text.
2) Do problem #5a on page 292 of the text.

3) A Turing machine with stay put instead of left is similar to an ordinary Turing machine except that the transition function has the form

(: Q x ( ( Q x ( x {R, S}.

At each point the machine can move its head right or let it stay in the same position. Show that this Turing machine variant is NOT equivalent to the usual version. (Bonus: What class of languages do these machines recognize?)

4) Let A be the language containing only the single string s, where

s = 0, if God does not exists

      1, if God exists

Is A decidable? Why or why not?

5) Go to the Turing Machine website linked from the class page. Create a Turing Machine that takes a binary input(0,1) ended with a ! and writes the equivalent value in base four(0,1,2,3). For example, if your tape started with

00110110!

It should end looking like:

XXXXXXXX!0312

In the places there are Xs, you are allowed to have any tape alphabet characters. You may assume that the input to the machine is of even length.

Write down the formal description of your Turing Machine as you entered it on the simulator.

COT 4210 Homework #7

Assigned: 4/11/02
Due: 4/18/02

1) Which of the following statements are true?


a) 100000n = O(n)


b) n1.001 = O(n)


c) nlogn = O(n1.5)


d) 3n = O(2n)


e) 3n = 2O(n)

f) nlg n = O(n100)


g) n! = O(2n)


h) 1/n = O(1)


i) 1 = O(1/n)


j) n - lg n = O(n/lg n)

2) Let DOUBLE-SAT = { <(> | ( has at least two satisfying assignments}. Show that DOUBLE-SAT is NP-Complete.

3) Show that the SUBSET-SUM problem is in PSPACE. Rather than using a Turing Machine model, simply show that one can code up a solution in a standard imperative language that uses an amount of memory that is polynomial in respect to the input size. (Remember the input is simply a set of integers and a target integer.)

