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Quiz 3 distribution

• mean = 3.18,    mode = 4.5,    stddev = 1.25
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Epsilon-Closure
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• def. 0 (informal, Sipser): 
E(q) = {p | p is reachable from q by 0 or 
more ε edges}

• def. 1 (default): E(q) is the smallest set 
such that:

• q ∈ E(q)

• if p ∈ E(q), then δ(p, ε) ⊆ E(q)

• def. 2 (inductive): E(q) = ∪i Ei (q)

• E0 (q) = {q}

• Ei+1 (q) = ∪p∈Ei (q)  δ(p, ε)

• from closure of state to closure of set:

• E(R) = ∪q∈R  E(q)

E(q0) = {q0, q1, q2, q3, q5}
E(q2) = {q2, q3, q5}
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Computation of NFA w/ epsilon
• string w is accepted iff. δ*(q0, w) ⋂ F ≠ ∅

• have to refine δ* using epsilon-closure E(...)
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Example: NFA=>DFA w/ epsilon
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Example: NFA=>DFA w/ epsilon
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unused states

unused 

state
s
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Closed under Union (with NFA)
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Closed under Concatenation
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Closed under Star
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DFA minimization (Linz 2.4)

• NFA => DFA=> minimal DFA   (b/c some nodes are equivalent or “mergeable”)

• first compute equivalence classes of nodes

• initially, two classes: F and Q - F, and keep splitting:

• if δ(p, a) and δ(q, a) fall into different classes, then p and q aren’t equivalent

• merge states in the same class, and form the minimal DFA
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initial: F={q4}, A={q0,q1,q2,q3}
step 1: δ(q0, 1) in A 
     but δ(q1, 1)= δ(q2, 1)= δ(q3, 1) in F
so split: F= {q4},  A={q0},  B={q1,q2,q3}
no further splitting possible

this partition is unique.
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Definition of Regular Expression
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also notated:  R1 | R2   or R1 + R2 

also R1 R2
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Examples
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Regular Expression == Regular Language
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Regular Expression == Regular Language
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RE => NFA
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