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http://www.liacs.nl/~maneth

L Types= Regular TreelL’s

An is a regular tree language.

SIMS:

L Types=Regular TreelL’s

An is a regular tree language.

SMS:

A —
gular Tree Grammar NS C
ite Tree Automata,
50, DTD, N
L
ema,...)
S —
L
C —
L
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L — Iblc] ...
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L Types= Regular TreelL’s

An is a regular tree language (€ ).

\T: XML trees are unranked:

A —
NSC
AF N —
L
S -
L
C —
L
nranked (ordered) tree
L — |b|c] ...
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L Types=Regular TreelL’s

An is a regular tree language (€ ).

\I: XML trees are unranked:

A —
NSC
A N —
L
- S —
ad L
/
n— s C -
L
ncoding as a binary tree
g y L — Iblc]...
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L Types= Regular TreelL’s

An is a regular tree language (€ ).

\I: XML trees are unranked:

A -
NSC
A N —
L
kedness is not important: S -
L
Decocing: VERY EASY!!!
: C -
lso [Segoufin, PODS’03]) L
L — |b|c] ...
Queries/ Transformations

is a mapping - mapping from
put to output XML documents (= trees).

is a tree language + (Rin), where R is an input
De (i.e., R, € REGT).
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Queries/ Transfor mations

is a mapping - mapping from
ut to output XML documents (= trees).
is a tree language - (Rin), where R is an input
e (i.e., Rin € REGT).

language should be closed under composition.

r a class of tree translations X, the is

-y — k
position closure X* = [ J, ., X*.
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Query Languages

pular XML Query Languages:

ical model which
es all known XML Qu./Trans. Languages” :

he n-Pebble Tree Transducer [Milo/Suciu/Vianu2000]
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Query Languages

pular XML Query Languages: Much nicer (I think):

[Seidl/ea.2002]

ical model which
es all known XML Qu./Trans. Languages” :

he n-Pebble Tree Transducer [Milo/Suciu/Vianu2000]
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L Transfo. = Tree Tranducers

History of Tree Transducers:

-Translation [Irons1960]
[Knuth1968]
[Thatcher,Wright1970]

[Aho/Ullman1980]

tribute Grammar
p-Down / Bottom-Up
Trans. Schemes, Tree-Walking Tr’s

cro Tree Transducer
[Courcelle/Frz1982, Engelfriet/\Mogler1985]

98: Tree Transducer Book, Fulop/\Vogler

bble Tree Transducer [Milo/Suciu/Vianu2000]
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L Transfo. = Tree Tranducers

History of Tree Transducers:

D-Translation [Irons1960]
[Knuth1968]
[Thatcher,Wright1970]

[Aho/UlIman1980]

tribute Grammar
p-Down / Bottom-Up
D Trans. Schemes, Tree-Walking Tr’s

pcro Tree Transducer
[Courcelle/Frz1982, Engelfriet/\Vogler1985]

98: Tree Transducer Book, Fulop/\Vogler

bble Tree Transducer [Milo/Suciu/Vianu2000]
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ple: Top-Down Tr. Tr.

au-I
) au au-|
Tb-au-llst
A au au-l
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ple: Top-Down Tr. Tr.

au-|
InPrg . au au-l
Thavist
au ti bo A au au-l
I
too  ooo B au &)

rules:  (go, ) = arl({do, d1), (0o, d2))
do. Gid } (%, ) = (doda)
(%, ) — (G 1)
(0o, =) = au({(dd 1))
(o, 711) = au({didd1))
(0o, ) -+ €
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Down Tree Transducers

Advanta

_MBInear TOPs preserve REGT:  lin-TOP(REGT) C REGT.
pplications: e.g. forward type inference
eterministic TOPs are closed under composition

uivalence is decidable! [Esik81]

ntages:

avily depend on data representation of input trees

sitive to unrankedness: TOPs on bin. encodings CANNOT
all unranked TOPs!  [M/Neven1999]
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g Parameters: Macro Tr. Tr.

a Macro Tree Transducer (MTT):

) (Y1 Y2r ¥3)

input symbol (of rank 2)

= (Pd2) (Vo (L da) (Yo Y1) @)

q,p : statesof rank 3 (i.e., with 3 parameters)
r . state of rank 2
«  : output symbol (of rank 0)

pleMTT

M InProc

au

©
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InProc
[e]
ti book-n ed
InProc €
D B A

au ti book-n ed

E F B A
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pleMTT

Proc
o]
ed book-n
\ \ Mirroc InProc
A ] ’ o
au ti book-n ed
InProc e
C D B A
au ti book-n ed
E F B A
{ do, ) — (0, 43)({ asdip, 41 ), { Gskip: 42) )

(a Y(YuY2) —

| 0 0,
9 q(skgp, qi(d) }

(92)(Y1,Y2) —

h moment an n-PTT can

ove up/down/stay
op new pebble
t last pebble

nerate output and
awn new (indep.)
)mputations

o (InProc ({ Asip, 41 ), { Gskips 42 )5 V1, Y2 )
(a42))
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Then-PebbleTr. Tr. (n-PTT)

Jdo

«
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mal
ID  childy
mal

ID  childy

fem

mal

ID  childj

mal

ID child

/

fem

ple 1-PTT:

Finding Patterns

Look for:
X : has only daughters
y . male descendant of x
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ple 1-PTT: Finding Patterns

Look for:
X . has only daughters
y : male descendant of x

pebble 1

Pattern:
X

y
reading head
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arison DPTT with plications
DPTT C 0-DPTT™!C 1 mportant properties of compositions of MTTs:
MTT*and -, Ry € REGT.
C O0-DPTTS,
= “: Both have the same query power. is effectively regular [Engelfriet/\Mogler1985]

iteness of 7(* ) decidable [Drewes/Engelfriet1998]

nslation 7(-)=t can be computed  (for - € DMTT")
DTIME(O( || + |t])) [M2002]
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arison DPTT with cationsof |: Type Checking

DPTT C 0-DPTT™ C 1 ecking Problem
C O0-DPTTS. input: types ., Ry € REGT, translation 7
s . Both have the same query power. “yes” if 7(R.,) C Rou
output:
“no” otherwise.
tional declarative
t not terminate always terminate
PTIME-complete!!)
T C Dom(DPTT)??? REGT = Dom(DMTT)
nc. < exp size inc. < double exp
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cationsof I: Type Checking st Always Type Checking |+l

Always Type Checking Problem

input: types -, Ro € REGT, translation = input: types ., Ry € REGT, translation 7
“yes” if r(R,) CR ——— : _ o isfini
output “y ’ ( _) & Rout output: yes if 7(R) is finite
no otherwise. “no” otherwise.

then the finite set of “input exceptions”

= _'Til(Rom)

le: (using | : 7! preserves REGT)

T( ) g Rout |ff T_I(Rout) C
N——

€REGT
usion of REGT is decidable.
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st Always Type Checking |+ | cationsof |1l

re fu. programs based on

Always Type Checking Problem :
tion of intermediate data structures (e.g. deforestation).

input: types -, Ro € REGT, translation 7 mposition properties of DMTTS:
output: yes if 7(Rin) — Rou i finite DTOP o DMTT o DTOP C DMTT.
“no” otherwise.
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cationsof ||

re fu. programs based on .
tion of intermediate data structures (e.g. deforestation).
mposition properties of DMTTSs:

DTOP o DMTT o DTOP C DMTT.

omatic generation of garbage-free compilers”

MTT o MTT o MTT

N

T(s) =t

DTIME(|-| + |1])

small (no garbage)
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nclusions/ Further Reserach

anguage Theory XML Processing/Databases

111 hold for (compositions of) PTTs!!

ular:

most Always Type Checking is decidable.
mputable in DTIME(O( |input| + |output|)).

mprove the results of [Milo/Suciu/Vianu2000])
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Collapse of DMTT hierarchy, for Linear Size Increase:

*N LSIZE DMTT N LSIZE
= MSOTT

DTT is a decidable subclass of DMTT*!!

[M2003]
[Engelfriet/M2001]

pmplexity of Inv. Type Inference for subclasses?

hat if subclasses of REGT are considered?
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nclusions/ Further Reserach

Collapse of DMTT hierarchy, for Linear Size Increase:

*N LSIZE DMTT N LSIZE
= MSOTT

DTT is a decidable subclass of DMTT*!!

[M2003]
[Engelfriet/M2001]

pmplexity of Inv. Type Inference for subclasses?

hat if subclasses of REGT are considered?

THE END
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