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A alphabet

bi-infinite word: x = ...a_sa_japa1as . ..
“A¥ set, of bi-infinite words over A.

Sliding block map:

X
f
f(z)
Varmgch
Figure 1: Sliding block map f
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Figure 2: A k-synchronous function f




/ Automata and transducers

Automaton:
states <—‘ ,—* transitions
A=(Q,AFE)
labels <—/
b
o To o)
a
Transducer:
stateSj F transitions

T =(Q,Ax B*, F)

labels <—/
b
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/ Functions and transducers \

The sliding block map (I = 3)

ala ala alb a|b
a b a a
bla bla blb b|b
a b b b

replaces each factor ab by ba. It can be

realized by the transducer
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Local automata

In general, let m +a =1[1—1 for

e m letters of memory

e o letters of anticipation.

memory memory
e N _ e N
a/la/2 o o o a/m |f(a’1"'al>\ a/2 o o o
e T Am49 .- - Q)
N ~ S \ J/

anticipation anticipation

An automaton is (m, a)-local iff

An4+m

Po ; b1 5 ) ? Pnt+m
An+m
pO pl : ) : pn—I—m

then p,, = p! .

In a local automaton, any bi-infinite
word labels at most one path.
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Local automata and sliding

blocks

Conversely, if f is realized by a

(m, a)-local transducer, then, f is a
sliding block map whose block size is
[=m+a+ 1.

m letters a letters
ai|as| ... co aj
AN J
m + a letters m + a letters
v
q q
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Resynchronization

The problem:

e Input: sliding block map given by a
strongly connected transducer.

e Goal: synchronization by keeping
the locality of the transducer.

e Assumption: fixed transmission rate

on cycling paths.

The transmission rate of a path

|v
pP——74q

is the quotient |v|/|ul
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e Eilenberg and Schiitzenberger showed in [1]
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/ The delays

Let £ the transmission rate of the
cycling paths.

A state ¢ 1s distinguished and a
delay b(q) is associated to each state ¢.

o (i) = 0;

A depth-first search verifies that the
transmission rate i1s the same on all

cycling paths and computes the delay
b(q) of each state.

constant and for any path, ¢ i) q,
b(q') — blq) = |v] — k[u]

The transducer is synchronous iff

Q(q) — 0 for any state q¢.

e b(q) = |v| — k|u| for any path ¢ ey q.

The delays are defined up to an additive

~
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Incrementation and decrementation

It the output labels of all outgoing
transitions from a state ¢ begin with the
same letter a, 1t is possible to shift this
letter to the incoming transitions.

at’

Before

After
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Output splitting

It the output labels of the outgoing
transitions do not begin with the same

letter, the state 1s split.

|at’

Before

After
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The algorithm

The method consists in iterating the

following process

e Split and then increment all states
having a negative delay which is

maximal

e Split and then decrement all states
having a positive delay which is

maximal

while there are non-zero delays.

At each step, the maximal difference
between delays decreases.

The number of iterations i1s thus
bounded by the initial delays.

-
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Example

~
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Complexity of the algorithm

The size of the sliding block is increased
by 1 at each state splitting. The final
size of the sliding block is bounded by
the sum of the initial size and the
maximal delay.

However, there might be an exponential
blow up of the number of states. This is

intrinsic to the synchronization process.

Proposition 1 There are local
transducers with n states, such that any
synchronous local transducer which s

equivalent has an exponential number of

/

states.
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/ Non strongly connected \

transducers

An example:
|uv

oy (T0) ] el
|w

This transducer can be synchronized by
duplicating the state 1.

The transducer 1s however not local.

Actually, this function cannot be

Qealized by a local transducer. /
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Additional condition

Assume that any cycling path has a

transmission rate equal to k.

The transducer is then considered as an
undirected graph. The valuation of a
cycle is the sum over each transition of
|v| — k|u]| if the direction of the
transition is the same as the direction of
the cycle and of the opposit k|u| — |v|

otherwise.

Condition : zero valuation for each cycle
of the undirected graph.

Both conditions are equivalent if the
graph 1s strongly connected.

- /
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Synchronization

This transducer has a transmission rate
of 2 on any cycling path but it does not
satisty the condition.

Proposition 2 Any transducer

satisfying the above condition can be

synchronized by state splitting.
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