
Problem Set 5Spring 10: CS373Due: Problems 1-4 due on Friday, Marh 12, by 5pm, in Elaine Wilson's o�e, 3229SC, by 4pm.Extra redit Problem 5 due on Thursday, Marh 18th, in lass before lass begins, at 2pm.Please follow the homework format guidelines posted on the lass web page:http://www.s.uiu.edu/lass/sp10/s373/1. Turing Mahines [Category: Constrution, Points: 20℄We want to design a Turing mahine that given a binary string $x, where x ∈ {0, 1}∗ isof odd length, omputes the middle harater of x. To do this our TM overwrites the�rst and last harater of the string x with  , and repeats this proedure till only oneharater survives on the tape. Then the mahine stops and aepts. Carefully drawthe diagram of suh a TM with input alphabet {0, 1, $} and tape alphabet {0, 1, $,  }.2. Non-Regularity [Category: Proof, Points: 20℄Prove that the following language is not regular:
L = {0n3

: n ≥ 0}Hint: If you are using the Myhill-Nerode Theorem, you may want to hoose S to be
L.3. Non-determinism [Category: NFA design, Points: 20℄Let P be a regular language over {0, 1}. Let L0 and L1 be two regular languages over
{a, b}.Let L be the set of words w over {a, b} suh that w an be split into n words (for some
n), w = w1w2 . . . wn, and there exists a word of length n, x = x1, x2 . . . xn ∈ P suhthat eah wi ∈ Lxi

. In other words,
L = {w ∈ {a, b}∗ | ∃x ∈ P, x = x1 . . . xn, xi ∈ {0, 1}, wi ∈ Lxi

, w = w1 . . . wn}Intuitively, L onsists of words formed by onatenating words in L0 and L1, using apattern desribed in P .Show L is regular by exhibiting an NFA for it. Give the formal desription of yourNFA. You do not need to prove formally that your NFA aepts this language, but youdo need to give a desription of how and why it works.4. Minimization [Category: Constrution., Points: 20℄Reall the minimization algorithm by partition re�nment(Leture Note #11). Use thisalgorithm to minimize the following DFA and draw the resulting minimal DFA. Showthe partitions of the states at every iteration learly.1
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5. Extra Credit/Honors: Clause Finite Automata [Category: Constrution. Due only onThu, Mar 18th, 2pm., Points: 20℄A Clause Finite Automaton(CFA) is a generalization of an NFA (without ǫ transitions)suh that the value of the transition funtion is no longer a set of states, but a ombi-nation of states by disjuntions/onjuntions. For example, if δ(q, a) = q1 ∨ (q2 ∧ q3)in a CFA M , then at state q, reading a, M nondeterministially hoose to swith to q1,or simulate the behavior of M from both q2 and q3 on the rest of the word. Intuitively,this transition says that M aepts the word aw from q if M aepts the word w from
q1, or, M aepts the word w from both q2 and q3.Note that every NFA an be viewed as a CFA, sine eah transition δ(q, a) = P , where
P is a subset of states, an be viewed as δ(q, a) =

∨
p∈P p.Formally, a CFA is a tuple M = (Q, Σ, δ, q0, F ) where Q is a �nite set of states, Σ is a�nite alphabet, q0 ∈ Q is the initial state, F ⊆ Q is a set of �nal or aepting states,and δ : Q × Σ → B(Q) where B(Q) is the set of all Boolean formulas over Q formedusing onjuntion and disjuntion.The notion of when M aepts a word is as follows:

• M aepts ǫ from state q ∈ Q i� q ∈ F

• M aepts aw from state q (where w ∈ Σ∗ and a ∈ Σ) i� there is a set of states
Q′ ⊆ Q suh that the valuation that sets Q′ to true and Q \ Q′ to false satis�esthe Boolean formula δ(q, a), and M aepts w from eah of the states q′ ∈ Q′.(a) Consider a CFA M = (Q, Σ, δ, q0, F ) where

Q = {q0, q1, q2, q3, q4};
Σ = {a};
δ is de�ned as follows:
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F = {q1, q3}.Convert M to an equivalent NFA. (10 Points)(b) Given Σ = {0, 1, 2} and k > 0, let Lk = {ww | |w| = k}. Construt a CFA for Lkwith O(k) states, for every k. (10 Points)
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