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calculation of ®
depth-first left-to-right
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—7@/{83 3
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Let A= (Q,X%,d,F) be an S-wta.
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Theorem: For every B-wta
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Theorem: For every locally finite s.r. S and every S-wta
there is an equivalent crisp deterministic S-wta.

S is locally finite if for every finite A C'S the set (A)4 .0, is finite

e.g. every bounded distributive lattice (L, V, A, 0,1)
is a locally finite s.r.
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Theorem: For every locally finite s.r. S and every S-wta
there is an equivalent crisp deterministic S-wta.

Let A =(Q,X%,d,F) be an S-wta.
powerset construction: define P(A) = (Q',X,d’, F') such that

Q' ={h(§) ¢ € Tx}

1 v=,(vi,...yv)
§(vi... vk, o,v) =
0 otherwise.

F'(v) =P vq @ F(q)

geR
recall: h: Ty — S with h(&)y = @D  wt(k)
k:pos(§)—Q
w(e)=q
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[Borchardt 04] S tropical s.r. (R>g U {oc0}, min, +, 00, 0)

/o S oM

!
otJo %ﬂ@ﬂ@«— <{xp]

o]
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wrong:  For every s.r. S and S-wta
there is an equivalent s deterministic S-wta.

[Borchardt 04] S tropical s.r. (R>p U {o0}, min,+, o0, 0)
Glo 5 oM

!
otJo %ﬂ@ﬂ@«— <{xp]

o
L: Ty — RxoU{oco} with

0 if £ = o(s,t), noy occurs in s and t
L(§) = #o(s) if &=~(s), no~y occursin s
00 otherwise
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wrong:  For every s.r. S and S-wta
there is an equivalent s deterministic S-wta.

Theorem For every extremal semifield S and
S-wta with the twins property
there is an equivalent deterministic S-wta.

[Kirsten, Maurer 03; Biichse, May, V. 10]
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outline ...

> support of recognizable S-weighted tree languages
» inductive computation of L4

» determinization, minimization, decidability

» characterization results for REC(S)

> weighted tree automata over other algebras
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outline ...

> support of recognizable S-weighted tree languages
» inductive computation of L4

» determinization, minimization, decidability

» characterization results for REC(S)

> weighted tree automata over other algebras

minimization:

wta over fields:
[Bozapalidis, Bozapalidis-Louscou 83, 91] exponential-time
deterministic wta over semifields:
[Borchardt 03, 04] exponential-time
[Maletti 09] polynomial-time
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outline ...

> support of recognizable S-weighted tree languages
» inductive computation of L4

» determinization, minimization, decidability

» characterization results for REC(S)

> weighted tree automata over other algebras

decidability of equivalence:

wta over fields: [Seidl 90] polynomial-time
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outline ...

> support of recognizable S-weighted tree languages
» inductive computation of L4

> determinization, minimization, decidability

» characterization results for REC(S)

> weighted tree automata over other algebras
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REC(S) is equal to the class of S-weighted tree languages
defined by ...

» weighted regular tree grammar in normal form

e.g. L# : Ty = N, f'—> #a(.,a)

(q,0,f) ~ 5 o(qa)

1
(99,0,9) ~ q—0(q,q)
(af.0.f) ~ f5o(q.f) ..
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REC(S) is equal to the class of S-weighted tree languages
defined by ...

» weighted regular tree grammar in normal form

» weighted regular tree grammar, if S allows infinite summation
[Esik, Kuich 03]

g > q chain rules
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REC(S) is equal to the class of S-weighted tree languages
defined by ...

» weighted regular tree grammar in normal form
» weighted regular tree grammar, if S allows infinite summation

» weighted rational expressions (Kleene's theorem)
[Droste, Pech, V. 05; Fiilop, Maletti, V. 09]

eg Ly:Ts =N, = #5a)

17 — ’)’]1 Oz 1.0(2, Oé) Oz 772
m = (19(z) +Lo(n, 2) + Lo(z,m))
mn = (1(2)+1lo(z,2), 0: La
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REC(S) is equal to the class of S-weighted tree languages
defined by ...

» weighted regular tree grammar in normal form
» weighted regular tree grammar, if S allows infinite summation
» weighted rational expressions (Kleene's theorem)

» weighted RMSO-formulas (Biichi's theorem)
[Droste, V. 06, 11]

eg Ly:Ts =N, & #o50)

¢ = dx.label,(x) A (y.edgea(x, y) A labely(y))

V and 3 are interpreted by &
A and Y are interpreted by ©® [Droste, Gastin 05]
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outline ...

> support of recognizable S-weighted tree languages
» inductive computation of L4

> determinization, minimization, decidability

» characterization results for REC(S)

» weighted tree automata over other algebras
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recall: k: pos(§) = Q

weight of k: S commutative

wt(k) = wt(k1) © ... O wt(kk) © O(k(1)...k(k),&(e), k()

wt(k) = 3(k(1). .. k(K), £(€), 5(2)) (wt(nl), . ,Wt(nk))

operation on S

wta over multioperator monoids (S,+,0,9Q)
[Kuich '99, Maletti '04, Fiilop, Maletti, Stiiber, V. 09,10]
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recall: k: pos(§) = Q

weight of k: S commutative

wt(k) = wt(k1) © ... O wt(kk) © O(k(1)...k(k),&(e), k()

wt(k) = 3(k(1). .. k(K), £(€), 5(2)) (wt(m), . ,Wt(nk))

operation on S

wt(r) = Val(si,...,sp);  si = weight of transition
wta over valuation monoids (S,+,0, Val)
[Droste, Meinecke '11]
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Theory of REC(S) depends on the properties of S.
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hints for further reading:

> [Gecseg, Steinby '84] Tree Automata, Akademiai Kiado.

> [Gecseg, Steinby '97] Tree Languages, in: Handbook of Formal
Languages.

» [Comon et al.] Tree Automata Techniques and Applications
(TATA), online.
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v

[Eilenberg '74] Automata, Languages, and Machines, Vol. A.

v

[Sakarovitch '03] Elements of Automata Theory.
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> [Gecseg, Steinby '97] Tree Languages, in: Handbook of Formal
Languages.
» [Comon et al.] Tree Automata Techniques and Applications

(TATA), online.

v

[Golan "99] Semirings and Their Applications.

v

[Eilenberg '74] Automata, Languages, and Machines, Vol. A.

v

[Sakarovitch '03] Elements of Automata Theory.
» eds. Droste, Kuich, V. '09 Handbook of Weighted Automata.
[Esik, Kuich '03] Formal Tree Series.
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[Fulop, V. '09] Weighted Tree Automata and Tree Transducers.
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6th International Workshop
Weighted Automata: Theory and Application
May 29 - June 2, 2012, Dresden, Germany

Topics include: e real-time systems and verification Important Dates in 2012:
t 1 . * submission of abstracts: March 16
* na ura anguage_ processing « notification of acceptance: March 31
e multi-valued logics « registration: April 27
* workshop: May 29 - June 2
R . . . * submission of papers: July 30
Tutorials: ¢ Javier Esparza and Michael Luttenberger (Munich, Germany)
e Orna Kupferman (Jerusalem, Israel) .
Organizers:
e Anoop Sarkar (Burnaby, Canada) Manfred Droste (Leipzig, Germany)
droste@informatik.uni-leipzig.de
Survey lectures:  Frank Drewes (Umed, Sweden) Heiko Vogler (Dresden, Germany)
e Zoltan Esik (Szeged, Hungary) Heiko.Vogler@tu-dresden.de

e Paul Gastin (Cachan, France)

¢ Laura Kallmeyer (Dusseldorf, Germany)
e Kevin Knight (Los Angeles, USA)

e Kim Larsen (Aalborg, Denmark)

e Karin Quaas (Leipzig, Germany)

... and a special session honoring Werner Kuich on the occasion of his 70th birthday.
http://wwwtcs.inf.tu-dresden.de/wata2012/
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