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����
����
����
����

❁
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.. Self-Verifying Finite Automata
.
Definition (Self-Verifying Finite Automaton)
..

......

nondeterministic automaton M over an alphabet Σ

states: accepting, rejecting, neutral
(”yes”, ”no”, ”I don’t know”)

La(M)= strings with an accepting computation
Lr (M)= strings with a rejecting computation
1. La(M) ∪ Lr (M) = Σ∗ and
2. La(M) ∩ Lr (M) = ∅

the language accepted by SVFA M is La(M)

.
Example ( L = (a+ b)∗a(a+ b)2 )
..

......

a,b

a a,b a,b

NFA for L

a,b

a,b

a,b

b a,b a,b
a,bb

NFA for complement of L

Galina Jirásková Operations on Self-Verifying Finite Automata



.....
.
....

.
....

.
.....
.
....
.
....
.
....
.
.....
.
....
.
....
.
....
.
.....
.
....
.
....
.
....
.
.....

.
....

.
.....

.
....

.
....

.

.. Self-Verifying Finite Automata
.
Definition (Self-Verifying Finite Automaton)
..

......

nondeterministic automaton M over an alphabet Σ

states: accepting, rejecting, neutral
(”yes”, ”no”, ”I don’t know”)

La(M)= strings with an accepting computation
Lr (M)= strings with a rejecting computation
1. La(M) ∪ Lr (M) = Σ∗ and
2. La(M) ∩ Lr (M) = ∅

the language accepted by SVFA M is La(M)

.
Example ( L = (a+ b)∗a(a+ b)2 )
..

......

a,b

a a,b a,b Acc

Rej

NFA for L

SVFA for L

ε ε

a,b
b

a,b

b
a,b
a,b a,b

a,b
Rej Rej

NFA for complement of L
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.. Self-Verifying Finite Automata Accept Regular Languages

.
Every DFA can be viewed as an SVFA:
..

......

make all final states of the DFA accepting, and
make all non-final states rejecting

.
If L is accepted by an n-state SVFA, then
..

......

L is accepted by an n-state NFA (make accepting states final)

Lc is accepted by an n-state NFA (make rejecting states final)

In this paper:

all DFAs are complete

all NFAs have a unique initial state
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.. Why Self-Verifying Finite Automata?

.
Motivation and History
..

......

Ďurǐs, Hromkovič, Rolim, Schnitger (STACS 1997)
Hromkovič, Schnitger (Inform. Comput. 2001)
- defined the model in connection with Las Vegas automata
- complexity of Las Vegas automata problems (Ji DCFS 2004)

Assent, Seibert (RAIRO-ITA 2007)
- simulation of SVFAs by DFAs

Jirásková, Pighizzini (LATA 2009, Inform. Comput. 2011)
- optimal simulation by DFAs

Why operations on SVFAs? (To come to Baikal:-)
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.. Known Results: NFA-to-DFA Conversion

upper bound 2n (subset construction: Rabin, Scott 1959)

binary witnesses meeting the upper bound 2n:
.
Yershov 1962
..

......

An ...
n−2q qn−1qqqq

0 1 2 3

0

0 0 0 0 0 0

0

1 1 1 1 1

.
Lupanov 1963
..

......

Bn ...1 2 3 n−14 n
a,b a,b a,b a,b

a
a

a a
b

b

.
Moore 1971
..

......

Bn ...1 2 3 n−14 n
a,b a,b a,b a,b

a
a

a a,b

b

.
Meyer, Fischer 1971
..

......

Rn
0 1 2 3 n−2 n−11 1 1 1 1 1

0 0 0 0 0

0
0,1

0 0 0

...
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.. Known Results: SVFA-to-DFA Conversion: Upper Bound

upper bound 2n reduced to O(2n/
√
n) in [Assent, Seibert 07]

further reduced to g(n) ≈ 3n/3 in [Jirásková, Pighizzini 2009]:

we can assign a graph G (A) to an SVFA A
each reachable subset is a clique in G (A)
S and T are equivalent iff S ∪ T is a clique in G (A)

.
Moon, Moser 1960
..

......

The maximum number of cliques:

f (n) =


3n/3, if n mod 3 = 0;

4 · 3⌊n/3⌋−1, if n mod 3 = 1;

2 · 3⌊n/3⌋, if n mod 3 = 2.

.
Jirásková, Pighizzini 09
..

......

Every n-state SVFA
can be simulated
by a g(n)-state DFA,
where

g(n) = 1 + f (n − 1)
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.. SVFA-to-DFA Conversion: Optimality of the Simulation

.
Jirásková, Pighizzini (LATA 2009)
..

......

The upper bound g(n) is optimal, and it is met,
depending on n mod 3, by the following automata:

��� ���

��� �������

�����	

��� ������	

��� ������ �������

��� ���




�




�




�




�

��
 ��
 ��� ��


�




�




� �




�




�




� �

��� ���

��� �������

�����	

��� ������	

��� ������ �������


��

��� ���

�

�

�

�

�

�

�

��� ��� ��� ���

�

�

�

�

� �

�

�

�

�

�

�
�

�

� �

��� ���

�������

�����	

��� ������	

��� ������ �������

��� ���




�




�




�

��
 ��
 ��� ��


�




�




� ��







�




� �
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.. Lower Bounds Methods

.
Well known: To prove that a DFA is minimal, show that
..

......

- all its states are reachable, and
- no two distinct states are equivalent.

.
Well known(?): To prove that an NFA is minimal, describe
..
......a fooling set for the accepted language.

In this paper:
For a language L, we define a notion of an sv-fooling set,
and we prove that its size provides a lower bound
on the number of states in every SVFA for L.
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.. The Complexity of Regular Operations on DFAs

.

Maslov 1970
..

......

3_
4

.2  − 1m

S S S0 1 2 Sm−2 Sm−1
1 1 1 1 1

1

...

0 0 0 0 0

A

0 1 2
...B

P P P P Pn−2 n−1
0 0 0 0 0

0

1 1 1 1 1

1) Union:          

2) Concatenation :

3) Star:

m.n

(m−1).2  + 2
n n−1

0 1
B

P P P Pn−2 n−1
0 0 0

1 1 0

1)

2) A the same as in 1)

3)  

Upper bounds:

Lower bounds:

A
S S S0 1 2 Sm−2 Sm−1

1 1 1 1 1...

0

0000
1

0

1
...

1

Pn−3
0 0,1
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.. General Formulation of the Problem
.

Maslov 1970
..

......

”Given languages L(Ai ) (1 ≤ i ≤ k)
accepted by automata Ai with ni states
and a k-ary regular operation f ,
what is the maximal number of states
in the minimal automaton for f (L(A1), . . . , L(Ak)),
considered as a function of ni s?”

In this paper:
- automata are self-verifying
- f : boolean op., reversal, star, left and right qoutients, product
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.. Intersection on Self-Verifying Automata
.

......

Intersection:
K ∩ L = {w | w ∈ K and w ∈ L}

.
Known results for intersection:
..

......

DFA: mn binary [Maslov 1970]
NFA: mn binary [Holzer Kutrib 2003]

.
Our result for intersection on self-verifying automata:
..

...... SVFA: mn |Σ| ≥ 2

.
Proof idea for the upper bound:
..

......

- construct a product automaton, in which
accepting: (p, q) where both p and q are accepting;
rejecting: (p, q) where p or q is rejecting.

Galina Jirásková Operations on Self-Verifying Finite Automata



.....
.
....

.
....

.
.....
.
....
.
....
.
....
.
.....
.
....
.
....
.
....
.
.....
.
....
.
....
.
....
.
.....

.
....

.
.....

.
....

.
....

.

.. Complementation, Union, Difference, Symmetric Diffrence

.

......

Complementation:
Lc = Σ∗ \ L

.
Known results for complementation:
..

......

DFA: n unary [folklore]
NFA: 2n binary [Birget 1993, Ji 2005]

.
An observation for self-verifying automata:
..

...... SVFA n (interchange acc and rej states)

.
Union and difference on self-verifying automata:
..

......

SVFA: mn K ∪ L = (K c ∩ Lc)c

K \ L = K ∩ Lc
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.. Complementation, Union, Difference, Symmetric Diffrence

.

......

Complementation:
Lc = Σ∗ \ L

.
Known results for complementation:
..

......

DFA: n unary [folklore]
NFA: 2n binary [Birget 1993, Ji 2005]

.
Symmetric difference on SVFAs: Worst-case example
..

......
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.. Reversal on Self-Verifying Automata
.

......

Reversal:
LR = {wR | w ∈ L}, where wR is the mirror image of w

.
Known results for the reversal operation:
..

......

DFA: 2n binary [Leiss 1981]
NFA: n + 1 binary [Holzer, Kutrib 2003]

.
Our result for reversal:
..

...... SVFA: 2n + 1 |Σ| ≥ 2

.
Proof idea for the upper bound:
..

......

n-state SVFA for L ⇒
n-state NFA for L and n-state NFA for Lc ⇒
n-state NFA for LR and n-state NFA for (LR)c ⇒
(2n + 1)-state SVFA for LR
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.. Star on Self-Verifying Automata
.

......

Star:
L∗ = {u1u2 · · · uk | k ≥ 0 and ui ∈ L for all i}

.
Known results for the star operation:
..

......

DFA: 3/4 · 2n binary [Maslov 1970]
NFA: n + 1 unary [Holzer, Kutrib 2003]

.
Our results for star on self-verifying automata:
..

......

1. SVFA: 3/4 · 2n |Σ| ≥ 3/4 · 2n
2. SVFA: ≥ 2n−1 for a quaternary alphabet

.
Proof idea for the lower bound:
..

......

- start with Maslov’s DFA with Q = {1, . . . , n};
- define a new symbol cS for each S ⊆ Q;
- describe an sv-fooling set for its star.
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.. Applications
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.. Applications I

.
Want to do something useful??? As a woman?
..

......

iron do shopping make a dinner

• • •
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.. Applications II

.

. . . as a mother:

..

......

.
The work at my office
(mathematics +TCS):
..

......

going into a fairy tail

going into a world with

truth
beauty
infinity

.
Nevertheless:
..

......

Las Vegas computations

unambiguous automata

· · ·
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.. Summary and Open Problems

.
The complexity of operations on self-verifying finite automata:
..

......

DFAs SVFAs NFAs

complement n n 2n

intersection mn mn mn
union mn mn m + n + 1
difference mn mn ?
symmetric difference mn mn ?
reversal 2n 2n + 1 n + 1
star 3/4 · 2n 3/4 · 2n n + 1
left quotient 2n − 1 2n − 1 n + 1
right quotient n g(n) n

concatenation (m − 1/2) · 2n Θ(3m/3 · 2n) m + n
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.
Thank You for Your Attention
..

......
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