Tree Transducers

e Transformation system for trees
Ex.: Conversion of IATeXto HTML
- Bottom-up tree transducer

- Top-down tree transducer
- Homomorphic approach



String (word) case

e Rational Transducers




e Rational Transducers: R = (Q,F,F,Q;,Q¢, A)
- F (F): Set of finite input (output) symbols
- Q; (Qf): Set of finite initial (final) states

- A : Set of rules ¢ fﬁin q,

where, f € FU{e}, me F*, q.d € Q

e Transition relation —p (C F* x Q x F'*)

(ft,q,u) =g (t,q',um) for g Ay J € A

e Relation T7p recognized by R:
Tr ={(t,u) | (t,q,¢) =5 (6,4 ,u),q € Q;,q" € Qy}



e Definition by two homomorphisms:
- B=(®,L,V), where
b F* - FH
W Fi 5 Fx
L (C F™*): regular language
- T = {((w), W(w)) | w € L}
o c-free: no a ¢ F"” such that ®(a) = ¢



e EX.: Transducer defined by homomorphisms:
d(B)={( PN = 'LOAD ®(0c) = STORE () = MULT

oa) = oD ©(p) = Blw) = 1 B(C) = 0
w(g) =( W)= CHARGER W (o) = STOCKER W () = MULT
W(a) = ADD W(p) = V(w) = () =0

w(6) =)




Tree transducers

e EX.: Transform syntax tree of (a+b) x ¢ to

x(+(a,b),c)
e A grammar for arithmetic not suitable for
parsing
E % M| M+ FE M — F| FxM
F I (F) I - alb| - |z

o A LL(1) parsable grammar G
E — ME E’ S 'E]\)
a

M—>FM’ —



e Bottom-up tree transducer NUT T:
A= (Q,F,F.Q, A), where A is rules

flq1(z1),...,qn(xn)) — q(u)
for fe F,ue T(F, X,

- Transition function A;:

def
S—>p4l <

3C,0,l > re€ A. s = Cllo] Nt = C|ro]
- Conversion: for T'C T(F),
AT ={sc T(F)|teT, t =% q(s), g Q}
- linear: linear variables in RHS
- non-erasing: RHS has F' symbols
- non-deleting: LHS-varible appears in RHS

-



e EX.: the final state qp

a — q(a) b — q(b)
c — q(c) € — ge(€)
) = q()) (= g0
+ — q4+(+) X — gx(x)
I(g(z)) — q(z) F(g1(z)) — qr(z)

M'(ge(z)) — qmre(z) E'(qe(z)) — gere(x)
M(qr(z), amreqy)) — am(z) E(gm(z),qee(¥)) — 9e(x)
M (0 (2 am 0) — aarx () M(ar(e), ame () = am(x(:9))
E'(q+(2),qe(¥)) = ae+(v)  Egm(z),9e'+(¥)) — qe(+(z,y))
F(q((z),9e(y), 9)(2)) — ar(y)



e NUTT (cont.)
t iIs the G-syntax tree of (a +b) x c.

E E



e EX. U7: non-erasing and non-deleting

F={f0.a}, 7 ={9(.),fO.fO,a}, ¢ € Q/

a — q(a) flaCx)) — q(f(x))
fla(z)) = q(f'(z)) f(q(z)) — ¢'(g9(z, z))

Ur({f(f(f(a)))}) is the set of
g(f(f(a)), f(f(a))), g(f(f'(a)), f(f'(a))),
g(f'(f(a)), f'(f(a))), g(f'(f'(a)), f'(f'(a)))
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e TOop-down tree transducer: NDT T
A= (Q,F, F,Q,A), where A is rules
q(f(x1,..-yzn)) = Claa(ziy), - - qp(z;),)]
feF, Ce T(F’,Xp),aﬁil,. -y Ty, € Xn
o Transitiondggr_mction A:
S—>pAt <~—
3C,0,l > r e A. s = Cllo] Nt = C|ro]
e Conversion: for T'C T(F),
A(T) ={s€ T(F)|tET, g Q! q(t) =% s}
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e EX.: with an initial state ¢ggp

ge(z) — E(qm(z), E'(e))  qe(+(z,y)) — E(gm(z), E'(+,9£(v)))
gm(z) = M(qr(z),M'(€)) am(x(z,y)) = M(qr(z), M'(x,qrm(v)))
gr(z) = F((,9e(z),)) gr(a) — F(I(a))

gr(b) — F(I(b)) gr(c) = F(I(c))
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e NDTT (cont.)

9E E E
- At qi"//}< —i:‘, m/\ —-i:'q, t’
a/\aé a + 94E /\A‘f’ + 94E
A | R
b ¢ X € X
A | /\
b c a b c

For tree s ¢ T(F'), the tree t' ¢ T(F) is ob-
tained by

QE(S) _>j<4/ t/v
where t' is the G-syntax tree of a + b x c.
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e EX. Dq:
F={f0,a}, 7 ={9(), fO, fO,a}, g€ Q'

q(f(x)) = g(d'(2),q'(®)) ¢'(f(z)) = f(q'(x))
¢(a) = a ¢ (f(z)) = f(d'(2))

D1({f(f(f(a)))}) is the set of 16 trees

g(f(f(a)), f(f(a))), g(f(f(a)), f(f'(a))),
g(f(f(a)), ['(f(a))), g(f(f(a)), f'(f'(a))),

Q(If’(f’(a)),f’(f(a))), g(f'(f'(a)), f'(f'(a)))
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e Relation between classes
-NUTT # NDTT (e.g. U; and D)

- linear NDTT C linear NUTT
- NDTT = NUTT on linear and non-deleting

e Closure property by composition
- Not closed: NUTT, NDTT

- Closed: linear NUTT, determ. NUTT

- Composition of determ. NDT Ts has an equiv-
alent composition of a non-deleting NDTT
and a transducer of linear homomorphism

e Domain of tree transducers are regular

e Regularity iIs preserved by linear transducer
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e Tree transducer by homomorphism: similar
to string case

- B=(9,L, V), where
b T(F" = T(F)
\U . (Jl_ll) N _(F/)
L (C T(F"): regular tree language
e NUT Ts U has the same power as tree trans-
ducers B = (¢, L, V) by homomorphism
- U i1Is linear <— W iIs linear

- U 1S non-deleting <— W In non-deleting
- U Is e-free <— VWV iIs «-free
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