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Sequential: one operation at a time — Finite Automata

Parallel: several operations at the same time — Boolean Circuit
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Finite automata

A simple sequential model: w=babaab
a,b
a a
— a b
b b

Computes Twice = contains aa or bb

Ubiquitous: ) L
> Data extraction » Linguistics
» Compilers » Bioinformatic
> Text editors > Security
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Algebra

Many classes of regular languages enjoy several closure properties: they form varieties
— their languages can be understood algebraically

Minimal automaton

We can look at algebraic properties instead of combinatorial ones

Ex: idempotents

Syntactic monoid
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Circuits
size(n) = number of gates

depth(n) = maximal length of a path
fan-in(n) = maximal in-degree of a gate
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Computes Twice

Size(n) =5. (n — 1) +1 depth(n) =4

fan-in(n) =n—1
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Furst, Saxe, Sipser (1984) poly size same regular languages
constant depth Barrington (1992)
\ unbounded fan-in /
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Many more (bounded depth classes, addition, ...)
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8/14



Straubing's properties
For L a logical fragment,

What are the regular languages of L[ARB] 7

9/14



Straubing's properties

Are they decidable?
For £ a logical fragment, /

What are the regular languages of L[ARB] 7

9/14



Straubing's properties

Are they decidable?
For £ a logical fragment, /

What are the regular languages of L[ARB] 7

A natural guess (Straubing):

L[ARB] N Reg = L[REG] !

9/14



Straubing's properties

Are they decidable?
For £ a logical fragment, /

What are the regular languages of L[ARB] 7

A natural guess (Straubing): /‘ Usually decidable

L[ARB] N Reg = L[REG] !

9/14



Straubing's properties

Are they decidable?
For £ a logical fragment, /

What are the regular languages of L[ARB] 7

A natural guess (Straubing): ’/‘ Usually decidable

L[ARB] N Reg = L[REG] !

True
> >
> FO

» FO with prime
modular quantifiers

9/14



Straubing's properties

Are they decidable?
For £ a logical fragment, /

What are the regular languages of L[ARB] 7

A natural guess (Straubing): ’/‘ Usually decidable

L[ARB] N Reg = L[REG] !

True
> 2 constant
» FO «—~ depth
» FO with prime
modular quantifiers

constant depth
+ mod counting

9/14



Straubing's properties

Are they decidable?
For £ a logical fragment, /

What are the regular languages of L[ARB] 7

A natural guess (Straubing): ’/‘ Usually decidable

L[ARB] N Reg = L[REG] !

True False
> 3 constant > FO + 55
» FO«—~ depth » FO o MOD

» FO with prime
modular quantifiers

constant depth
+ mod counting

9/14



Straubing's properties

Are they decidable?
For £ a logical fragment, /

What are the regular languages of L[ARB] 7

A natural guess (Straubing): ’/‘ Usually decidable

L[ARB] N Reg = L[REG] !

True False Open
> 2, constant > FO + 55 » FO with composite
> FO <~ depth » FO o MOD modular quantifiers
». FO with prime » FO with two variables
modular quantifiers > >, k>3

constant depth
+ mod counting

9/14



Straubing's properties
For L a logical fragment,

’/— Are they decidable?

What are the regular languages of L[ARB] 7

A natural guess (Straubing):

L[ARB] N Reg = L[REG] !

True False
» FO + Ss
» FO o MOD

> 2 constant

» FO «—~ depth

» FO with prime
modular quantifiers

constant depth
+ mod counting

Usually decidable

Circuits with

composite modular gates
(AND with MODg gates)

Open
» FO with composite

modular quantifiers
» FO with two variables
> >, k>3

9/14



Straubing's properties

Are they decidable?
For £ a logical fragment, /

What are the regular languages of L[ARB] 7

A natural guess (Straubing): Usually decidable
L[ARB] N Reg = L[REG] ! Circuits with
composite modular gates
(AND with MODg gates)
True False Open )
> 3 ST » FO + S5 » FO with composite
> FO <~ depth » FO o MOD modular quantifiers
». FO with prime » FO with two variables
modular quantifiers > >, k>3

constant depth
+ mod counting Linear size circuits

(complexity of addition) o1



Straubing's properties

Are they decidable?
For £ a logical fragment, /

What are the regular languages of L[ARB] 7

A natural guess (Straubing): Usually decidable
L[ARB] N Reg = L[REG] ! Circuits with
composite modular gates
(AND with MODg gates)
True False Open )
> 3 ST » FO + S5 » FO with composite
> FO <~ depth » FO o MOD modular quantifiers
». FO with prime » FO with two variables
modular quantifiers > >, k>3

constant depth /
+ mod counting Chap 5: T5[ARB] N Reg = ,[REG] Linear size circuits

(complexity of addition) o1



Straubing property for X -



The circuit class >,

W = WiWwp - - - Wph_1Wp

Wnp—1 7Wp—1

V/W
N\ WV
N

\

polynomial size
and
depth 3

10/14



The circuit class >,

W = WiWwp - - - Wph_1Wp

Wnp—1 7Wp—1

/ N W / polynomial size
and
depth 3
bounded fan-in W

\

10/14



The circuit class >,

W = WiWwp - - - Wph_1Wp

Wnp—1 7Wp—1

\ L e T
L NV Z
W

\

It is equivalent to X»[ARB].
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depth 3
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iff
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Decidable!

Algebra

Lower bound

|M]!
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