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Nondeterministic Finite Automata (NFA)

• 𝑀 = 𝑄, Σ, Δ, 𝑠, 𝐹

• 𝑄

• Σ

• Δ

• 𝑠

• 𝐹



Example: NFA that accepts all strings in 
that contain .



Example: NFA that accepts all strings in 
that end with or .



Language Recognition by FSMs 

• The language ____________ or __________ by

the machine 𝑀, denoted ______, is the _____ 

of all _________ that are __________ by ___.

• Two automata are ____________ if they

___________ the same __________.



Compare NFAs to DFAs

• Which is more computationally powerful?

• Which is easier to design?



Theorem: For each NFA 𝐴 = 𝑄𝑁 , Σ, Δ, 𝑠𝑁 , 𝐹𝑁 , there exists a DFA 𝐵 =
𝑄𝐷 , Σ, 𝛿, 𝑠𝐷𝐹𝐷 equivalent to 𝐴.

Proof: by construction (sketch)

• Each state in 𝐵 corresponds to a set of states in 𝐴
– Subset construction problem

• For 𝑇 ⊆ 𝑄𝑁, 𝜖 − 𝑐𝑙𝑜𝑠𝑒 𝑇 is the set of states reachable from a state in 𝑇 using 𝜖-jumps

• 𝑠𝐷 = 𝜖 − 𝑐𝑙𝑜𝑠𝑒 𝑠𝑁
• 𝑄𝐷 = 𝑆 ⊆ 𝑄𝑁 ∣ 𝑆 = 𝜖 − 𝑐𝑙𝑜𝑠𝑒(𝑆) , 𝜖-closed subsets of 𝑄𝑁

– Do lazy evaluation to find

• 𝐹𝐷 = 𝑆 ∣ 𝑆 ∈ 𝑄𝐷 ∧ 𝑆 ∩ 𝐹𝑁 ≠ ∅ , states that contain at least 1 favorable state of 𝐴

• 𝛿 𝑠, 𝑎 for 𝑎 ∈ Σ and 𝑠 ∈ 𝑄𝐷 is computed as
– Let s = 𝑝1, … , 𝑝𝑘

– Let ڂ Δ 𝑝𝑖, 𝑎
𝑘
𝑖=1 = 𝑟1, … , 𝑟𝑚

– 𝛿 𝑠, 𝑎 = 𝜖 − 𝑐𝑙𝑜𝑠𝑒 𝑟1, … , 𝑟𝑚



Example: Convert NFA to DFA
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𝑆𝐷 = 𝜖 − 𝑐𝑙𝑜𝑠𝑒 𝑠 =

S a b




