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Automata for transductions: transducers

b:e a:a b:e
a:a

aabaa +— aaaa
aaba + undefined

dom(fger) = ’even number of a’
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Two-way transducers

input s t r e s s e d A
o€, —> 00, 4—
& _{16, < /Q e
>(1 ~(2) >
output d e s s e r t s
A

one-way < two-way

decidable equivalence problem (Culik, Karhumaki, 87).

closed under composition o (Chytil, Jakl, 77) (Dartois,
Fournier, Jecker, Lhote, 17)
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Non-determinism and relations

In general, transducers define binary relations in 3* x X*
o€
— realizes {(u,v) | v is a subword of u}
o:0

» undecidable equivalence/inclusion problems for non-det
1-way transducers

» sequential transducer =4,y input-deterministic transducer
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Landscape of Transducer Classes”

undecidable

i BGMP15
.O& /—\
& 1T - 2T
@
PTivME U U decidable
Sch75,GI83,BCPS03 CK87
<
& 1ST C 1FT C 2ST=2RT=2FT
N : \_/ - »>
PTIME expressiveness
Ch77,WK95,BCPS03 decidable
FGRS13,BGMP17
sequential rational “regular”
transductions transductions transductions

4Sch:Schutzenberger; GI:Gurari, Ibarra; BCPS:Beal, Carton, Prieur,
Sakarovitch; Ch:Choffrut, WK:Weber, Klemm; FGRS:., Gauwin, Reynier,
Servais; BGMP:Baschenis,Gauwin,Muscholl,Puppis, CK:Culik,Karhumaki
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(Courcelle) MSO Transducers

“interpreting the output structure in the input structure”

» output predicates defined by MSO[S] formulas interpreted
over the input structure

@@@@@@@@

bs(x,y)
bo(x) = o(x)

|
QF

» input structure can be copied a fixed number of times:
U uu, or u — w.mirror(u).
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copy 1: ps(z,y) = S(zy)

S(y, )

copy 2: % (2, y)
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Other example DU u.mirror(u)

Formulas

S(z,y)

S(y, )

copy 1: % (x,y)

copy 2: % (2, y)

copy 1 to copy 2: ¢é”2(x,y) = 1z =yAlast(x)
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Other example DU u.mirror(u)

Formulas

copy 1:

copy 2:
copy 1 to copy 2:

copy 2 to copy 1:

d)s(w Yy
% (z,y
¢14>2(x y

¢2—>1(w y

)
)
)
)
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Other example DU u.mirror(u)

Formulas

S(z,y)
S(y, )

z =y Alast(z)

copy 1: d)s(x y

copy 2: % (z,y

€

)
)
copy 1 to copy 2: ¢L172(z,y)
copy 2 to copy 1: ¢Z71(z,y)

)

for all copies i: oL (x o(x)
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Other example : u +— w.mirror(u)

Formulas

copy 1:

copy 2:
copy 1 to copy 2:
copy 2 to copy 1:

for all copies i:

o5(z,y
2% (z,y
¢ 72 (z,y
%7 (z,y

oy (@

_s S O

Logic Summai

S(z,y)
Sy, z)

z =y Alast(z)
i

o(x)
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Introduction Transducers Logic Summar;

Biichi Theorems for Word Transductions

Let f: X% — ¥*.
Theorem (Engelfriet, Hoogeboom, 01)
[ is 25T-definable iff f is MSO-definable.

Consequence Equivalence is decidable for MSO-transducers,
and they are closed under composition.
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