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Finite Automata

Finite Automaton

A=(Q,6,%,{s},{an})

0,1
"C%_l’ L(A)=(0+1)*1(0+1)"

e A word we X* is accepted by A if it labels an accepting run

DFA NFA (this talk: no e-transitions)
v efficient for complementation, X containment and equivalence are
minimization, acceptance, PSPACE-complete
containment, equivalence ... v exponentially more succint
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Finite Automata

Finite Automaton
A= (Qa 67 Za {5}7 {Qn})

0,1
"C%_l’ L(A)=(0+1)*1(0+1)"

e A word we X* is accepted by A if it labels an accepting run

DFA NFA (this talk: no e-transitions)
v efficient for complementation, X containment and equivalence are
minimization, acceptance, PSPACE-complete
containment, equivalence ... v exponentially more succint
* words label a accepting run e words can label accepting runs
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Ambiguity of Finite Automata

An NFA A is:

® unambiguous if every word has < 1 accepting run. — UFA
UFA

v UFA is more succint than DFA 0,1

v/ containment and equivalence are still
8 1 . 0,1 . 0,1 0,1
polytime in UFA e @ @
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Ambiguity of Finite Automata

An NFA A is:
® unambiguous if every word has < 1 accepting run. — UFA
e finitely ambiguous if every word has < constant accepting runs. — FFA

* polynomially ambiguous if every word has < poly(|word|) accepting runs. — PFA

UFA
v/ UFA is more succint than DFA 0,1

v/ containment and equivalence are still ﬁ l 0.1 l 0.1 0.1
polytime in UFA e @ @ ' ; .

DFAC UFAC FFAC PFAC NFA
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Ambiguity Testing

Problem (AMBIGUITY TESTING)
Given an NFA A, is A unambiguous / finitely ambiguous / polynomially ambiguous?

DFAC UFAC FFAC PFAC NFA
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Ambiguity Testing

Problem (AMBIGUITY TESTING)
Given an NFA A, is A unambiguous / finitely ambiguous / polynomially ambiguous?

DFAC UFAC FFAC PFAC NFA

Deciding that A is Running time [1991, 2001]
unambiguous (UFA) n?
finitely ambiguous (FFA) n3
polynomially ambiguous (PFA) n?

n=|Q|+ 16| = size of A
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An SETH lower bound

[Wehar'16]
SETH

DISJOINTNESS | UNAMBIGUITY
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An SETH lower bound

[Wehar'16]
SETH DISJOINTNESS

Problem (DISJOINTNESS)
Given two DFAs D; and Dy, decide whether £L(D; n Ds) = (.

UNAMBIGUITY
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An SETH lower bound

[Wehar'16]
SETH @I—ﬁ UNAMBIGUITY

Problem (DISJOINTNESS)
Given two DFAs D; and Dy, decide whether £L(D; n Ds) = (.

Disjointness — Unambiguity . 0 .
0,1
e Given D1 and D5, let A :== Dy U D>. 1 !
1 0
e A is unambiguous < L(D; n D) = ;
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Improved lower bounds

[Wehar'16]
SETH DISJOINTNESS UNAMBIGUITY

\‘*-—>

Orthogonal Vector
Given sets A, B < {0,1}9 of size n decide if

JacAdbeB: alb.
Hypothesis: Ve > 0,3c > 0 not in time O(n?>~¢) for d = clogn
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Improved lower bounds

[Wehar'16]
SETH DISJOINTNESS UNAMBIGUITY

\‘*-—>

Given a k-partite graph G = (A1 w - -- w Ay, E), decide if it contains a cycle of length k.
Hypothesis: Ve > 0,3k € N not in time O(|E|?>~¢)
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k-Cycle — Disjointness

Construction Given k-partite graph G = (A; w - -+ w Ak, E), need to detect k-cycle.

G
Example 2 by
k = a *— 2 b
n= 2 *o— L]
/
L[] (]
C1 C
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k-Cycle — Disjointness

Construction Given k-partite graph G = (Aj w - - -
® D; recognize paths A; — Ay - --

G
Example 2
k = a ®
o—\
n=2
/
() L[]
C1 C

— Ak — Aq,

WAka

Dy

E), need to detect k-cycle.

1%.@

.ﬂ@g@
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k-Cycle — Disjointness

Construction Given k-partite graph G = (A; w - -+ w Ak, E), need to detect k-cycle.
® D; recognize paths A; —> Ay -+ > A — Aq,
® D, recognize word of length k + 1 starting and ending with the same vertex a € A;.

Example - G by 1 .—’. @
k = ag ®——————9® b Dy
n_> o ° @

* *

oy
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k-Cycle — Disjointness

Construction Given k-partite graph G =
® D; recognize paths A; — Ay - --

(AL w -
— Ak — Aq,

WAka

E), need to detect k-cycle.

® D, recognize word of length k + 1 starting and ending with the same vertex a € A;.

— Then any word w € £(D1) n L(D3) encodes a k-cycle in G.

Example
k=3
n=2

Size

a e g b1 Dy

O(n + m) states and transitions

1
oy

s %. ©
%@%@
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k-Cycle — Disjointness

Construction Given k-partite graph G = (A; w - -+ w Ak, E), need to detect k-cycle.
® D; recognize paths A; —> Ay -+ > A — Aq,

® D, recognize word of length k + 1 starting and ending with the same vertex a € A;.

— Then any word w € £(D1) n L(D3) encodes a k-cycle in G.

Example - G by 1 .—’. @
k=3 a o2 b Dy
n_> o ° @

* *

oy
1

Issue
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k-Cycle — Disjointness

Construction Given k-partite graph G = (A; w - -+ w Ak, E), need to detect k-cycle.

® D; recognize paths A; —> Ay -+ > A — Aq,

® D, recognize word of length k + 1 starting and ending with the same vertex a € A;.
— Then any word w € £(D1) n L(D3) encodes a k-cycle in G.

Example - G by 1 .—’. @
k=3 a 2 b Dy

AN ) w ~®

a6 OO

D, —)O<

Fix = @i@iﬁ:@iﬁ:é@ 0
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k-Cycle — Disjointness

Construction Given k-partite graph G = (A; w - -+ w Ak, E), need to detect k-cycle.
® D; recognize paths A; —> Ay -+ > A — Aq,
® D, recognize word of length k + 1 starting and ending with the same vertex a € A;.

— Then any word w € £(D1) n L(D3) encodes a k-cycle in G.

Example - G by 1 .—’. @
k=3 a o2 b Dy
n_> o ° @

* *

oy

Size O((n+ m) log n) states and transitions
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Recap

Problem (AMBIGUITY TESTING)

Given an NFA A, is A unambiguous / finitely ambiguous / polynomially ambiguous?

Deciding that A is Running time [1991, 2001] Tight under [our work]
unambiguous (UFA) n? OV or k-cycle

finitely ambiguous (FFA) n3 3-0OV

polynomially ambiguous (PFA) n? OV or k-cycle

n=|Q|+ |0] = size of A
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Recap

Problem (AMBIGUITY TESTING)

Given an NFA A, is A unambiguous / finitely ambiguous / polynomially ambiguous?

Deciding that A is Running time [1991, 2001] Tight under [our work]
unambiguous (UFA) n? OV or k-cycle

finitely ambiguous (FFA) n3 3-0OV

polynomially ambiguous (PFA) n? OV or k-cycle

n=|Q|+ |0] = size of A

Thank youl!
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