Properties of Tree Automata

e Closure
T he following operations preserve regularity:
- Union: LU L»
- Complementation: L1
via complete DFTA

- Intersection: L1NL,=L1UL»>
- Linear tree homomorphisms
- Inversion of linear tree homomorphisms



e Proof for union:
Construct NFTA A = (Q,F,Q/, A) recogniz-
ing L{UL> from NFTA A, = (Q;, F, sz, A;) rec-
ognizing L; for each :
-Q =Q1UQ>
- A=A1UA>

- QT =0Q{uQ)



e Tree homomorphism:
-h : T(F) —» T(F') determined by hr : F —
T(F X),
where hr(f) € T(F', &X,) for arity(f) = n
h(a) = hr(a), and

h(f(tla e atn)) —
(hr(f)z1 < h(t1),...,2n < h(tn)}
o For hr(g) = f(z1, f(x2,21)), hr(a) = a, hx(b) =
b, h(g(a,g(b,b))) = f(a, f(f(b, f(b,b)),a)).

e h is linear: hr(f) is linear for any f € F



e image h(L) and inverse image h~1(L) by tree
homomorphism h of L:
h(L) ={h(t) |t € L}, and
h=1(L) = {t | h(t) € L}
e EXx. that non-linearity prevents preservation
of regularity:

for ¥ = {f(0),90,a}, F'={f'(,),90,a},
hr(f) = f'(x1,21), hr(g) = g9(x1), hr(a) = a,
and L = {f(¢g"(a)) | m > 0},

h(L) = {f'(¢"(a),g™(a)) | m > O}



e Proof for linear homomoriphisms
For an NFTA A = (Q,F,Q/,A) recognizing
L, we construct an NFTA A = (Q',F,Qf, AN
recognizing h(L).
- For each r = f(q1,...,qn) — q € A,
= {qp | p € Pos(h(f))}, and
Ar Is the set of following rules (p € Pos(h(f))):
- 9Qap1:-- - ap) — gp for (R(f))(p) = g and
arity(g) = k,
- q; — q, for (h(f))(p) = =z;, and
- Qg — q
-Q'=QUU,ca Qr and A = U,ca Ay



e Proof for inversion of linear homomorphisms
For a DFTA A = (Q,F,Q/,A) recognizing L,
we construct an NFTA A’ = (QU{s}, F,Q/, A")
recognizing h—1(L).

A’ is the set of rules given as follows:
- a — q for ¢ such that « € 7 and h(a) =% g,

—f(QI7°°°7qn) — q for f ~ F! P1,---sPn € Q!
(h(f)){xl <~ Pl1,---yTn < pn} _>zk4 qg (n > 0),
and q; = p; for ¢ such that x; occurs In

h(f), and ¢; = s for other i's
-a—s for a e F
- f(s,...,8) > s for f e F (arity(f) =n >0)
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