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Conjecture (Sakoda & Sipser 1978)
The conversion of 2nfas into 2dfas has super-polynomial cost

• best known upper bound: exp (⇐= 2nfa 1dfaexp )
• hardness: related to LogSpace versus NLogSpace question
• some common strategies to tackle the problem:

• restrict/extend source/target e.g., 2nfa sweeping 2dfaexp
[Sipser’80]

• consider the unary case: 1nfa 2dfa 2nfaquadratic
[Chrobak’86]

<subexp
[Geffert et al.’03]
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Cost of complementation

2nfa
2dfa

co-2nfa
for L ⊆ Σ∗ for Σ∗ \ L

?

∃ computation not ∃ computation

for L
? linear

Usually, complementation is cheap for deterministic devices
and expensive or unknown for nondeterministic ones

1dfa 2dfa d1-la 1nfa 2nfa 2nfa+cg ∼ 1-la

trivial linear poly exp ??? exp≤ ? ≤expexp

Some known exceptions:
• NLogSpace = co-NLogSpace [Immerman’88, Szelepcsényi’87]

• complementing unary 2nfas costs polynomial [Geffert et al.’07]

• idem for outer-nondeterminsitic 2nfas [Geffert et al.’14]
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• 1-las: can rewrite each cell when visiting it for the first time only

• 2nfa+cgs

: rewrite tape contents initially then process it read-only
⇐⇒ a 1-la which annotates memoryless then computes read-only
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Strategy: inductive counting

stcon problem
input: a directed graph G , and s, t ∈ V (G)
output: does there exist a path from s to t?

let n = |V (G)|

and Rk = {v ∈ V (G) | v reachable from s in k steps}
• using n-det and space log(n), we can find a path from s to t
• ∃ path from s to t iff t ∈ Rk for some k < n
• given k, using n-det and space log(n), we can find any v ∈ Rk
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k = 3

|Xk | = 3

|Xk+1| = 0

accept if t is reached, reject otherwise
space: store k, |Xk |, |Xk+1| and 3 vertices =⇒ O(log(n))
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input: a directed graph G , and s, t ∈ V (G)
output: does there exist a path from s to t?
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Complementing 1nfas

Fix a 1nfa A with n states, and an input word w :

• find a path of length k from qI :
rerun k steps of A from initial config

main issue: k ranges over |w | + 1 (not bounded! )
solution: annotate the tape so that it is sufficient

to rerun ≤ k steps of A from a config that is not far
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Main result
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Theorem
Each 2nfa can be complemented by a 1-la of polynomial size

Corollary
Each 1-la can be complemented by a 1-la of exponential size

(tight)

Future: can we convert/complement 2nfa into 2dfa+cg of poly size?
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