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Quiz 2 much better than Quiz 1

• quiz 2 mean: 2.47; quiz 1 mean: 2.0

52

43210
AA-B+BB-C+

4.53.52.51.50.5
F

projected 
final grade C/C-

5



CS 321 - TOC

Harry%H.%Porter%%III% Theory%of%Computation5Chapter%1a% Page%19%of%79%
!

Concatenation - NFA

• concatenation of 
regular languages is 
still regular
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Non-Determinism
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Any path to accept is accepted

• DFA is much harder 
(see HW1)

• but does NFA help 
for the complement?

55



CS 321 - TOC

Harry%H.%Porter%%III% Theory%of%Computation5Chapter%1a% Page%24%of%79%
!

As long as there is (at least) one path...
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NFA == DFA, but often a lot easier

57Q: how to use NFA for union? for intersection?
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Power set (all subsets of a set)

• power set is one of the 
most important & beautiful 
mathematical concepts

• P(Q) is often written as 2Q 

since |2Q| = 2|Q|
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2Q
�
= {A | A ✓ Q}
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Formal Definition of NFA
• two differences on ẟ

• Q x (Σ ⋃ {ε})

• P(Q)

• is ẟ total or partial function? 

• no difference, since ∅ ∈ P(Q)

• no need to define trap state
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Q: is every DFA also an NFA??
A: technically, no! 
    ẟNFA(p, a) = {ẟ DFA(p, a)}
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Computation of NFA w/o epsilon
• string w is accepted iff. δ*(q0, w) ⋂ F ≠ ∅

• without epsilon transitions, δ* is easy to define

• with epsilon transitions, you need to define epsilon-closure
(very hard; will come back later)
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NFA => DFA w/o epsilon
• how to convert NFA 

to DFA?
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NFA

unused states
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NFA => DFA w/o epsilon

62

• try make a NFA for 
{ab, aba}* and then 
convert to DFA
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Formally: subset construction

63

NFA M = (Q,⌃, �, q0, F )

DFA M 0
= (Q0,⌃, �0, q00, F

0
)

where Q0
= P (Q)

q00 = {q0}
F 0

= {A 2 P (Q) | A \ F 6= ;}

�0(R, a) =
[

r2R

�(r, a)

Thm.: L(M) = L(M 0
)

Idea: 8w 2 L(M), 9p 2 F,

s.t. �⇤(q0, w) = p.

want to show: p 2 �0⇤(q0, w)

also need the other direction
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Epsilon-Closure
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