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XML =Trees

Giorgio Busatto How to search for “name = Agnes”?
Agnus-Miegel Str. 33
28279 Bremen

Agnes Meier
Bremen Str. 22

Text file of addresses
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Vianu: Model for manipul. of

Theory of XML Transformations — Feb’03 Lausanne — p.3/2(



1. XML Types= Regular Treel’s

Def.. An XML type is a regular tree language.

Formalisms: aﬁl@s
E.g. Regular Tree Grammar =
name
— |
street
—> |
city
— |

— alb|c] ...
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1. XML Types= Regular Treel’s

Def.. An XML type is a regular tree language.

Formalisms: aﬂre\ss
E.g. Regular Tree Grammar =
(or: Finite Tree Automata, name
MSO, DTD, — |
Bema. ...) street
—> |
Class: REGT city
— |

— alb|c] ...
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1. XML Types= Regular Treel’s

Def.. An XML type is a regular tree language (¢ REGT).

_ address
XML trees are : N P
friends

— | Name
* —> |

friends street
%‘\ — |

ad-—» ad— ad— ad ... —ad
= BN City

N— S—» C — |

— alb|c] ...
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L Types= Regular Treel’s

An XML type is a regular tree language (¢ REGT).

CAVEA XML trees are ; address
' A — N
friends N s C
| name
/K N — |
L
friends street

ad— ad— ad
2 2 2

Encoding as a binary tree




1. XML Types= Regular Treel’s

Def.. An XML type is a regular tree language (¢ REGT).

address
XML trees are : N P
friends

— | Name
* —> |

street
— |

En-/Decocing: VERY EASY!!! city
— |
(see also [Segoufin, PODS’03])

— alb|c] ...
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XML Queries/ Transformations

Def.:

m An XML query/transformation Is a mapping = mapping from
Input to output XML documents (= trees).

®m An XML view is a tree language 7(Rin), where R is an input
type (i.e., Rin, € REGT).
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XML Queries/ Transformations

Def.:

m An XML query/transformation Is a mapping = mapping from
Input to output XML documents (= trees).

®m An XML view is a tree language 7(Rin), where R is an input
type (i.e., Rin, € REGT).

YA should be closed under

Def.: For a class of tree translations X, the query language of X Is

the composition closure
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AML Query Languages

Most popular XML Query Languages:

m [W3]
m [W3]

Theoretical model which
“subsumes all known XML Qu./Trans. Languages”:
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AML Query Languages

Most popular XML Query Languages: Much nicer (I think):
m [W3] fxgrep / fxt
m [W3] [Seidl/ea.2002]

Theoretical model which
“subsumes all known XML Qu./Trans. Languages”:
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2. XML Transfo. = Tree Tranducers

A Brief History of Tree Transducers:

m SD-Translation [Irons1960
m Attribute Grammar [Knuth1968]
= Top-Down / Bottom-Up [ Thatcher,Wright1970]
m SD Trans. Schemes, Tree-Walking Tr’s [Aho/UlIman1980]

w Macro Tree Transducer
[Courcelle/Frz1982, Engelfriet/\Vogler1985]

m 1998: Tree Transducer Book, Fulop/Vogler
= Pebble Tree Transducer [Milo/Suciu/Vianu2000]
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2. XML Transfo. = Tree Tranducers

A Brief History of Tree Transducers:

m SD-Translation [Irons1960
m Attribute Grammar [Knuth1968]
= Top-Down / Bottom-Up [ Thatcher,Wright1970]
m SD Trans. Schemes, Tree-Walking Tr’s [Aho/UlIman1980]

|
[Courcelle/Frz1982, Engelfriet/\Vogler1985]

m 1998: Tree Transducer Book, Fulop/Vogler
m [Milo/Suciu/Vianu2000]
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ple: Top-Down Tr. Tr.

pub-I /au-l\
C pub-I T _ au au-|
/\ b-au-list - | /\
o0k-n ed book pub-I A au au-1
N T T~
.. A au ti book £ B au £
N |
= - LU C

.
c ...
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Top-Down Tree Transducers

® Linear TOPs preserve REGT: lin-TOP(REGT) C REGT.
e.g. forward type inference

m Deterministic TOPs are closed under composition

m Equivalence is decidable! [Esik81]

= heavily depend on data representation of input trees

= sensitive to unrankedness: TOPs on bin. encodings CANNOT
do all unranked TOPs!  [M/Neven1999]
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Adding : Macro Tr. Tr.

Rule of a Macro Tree Transducer (MTT):

E.Q.
(o) () = (pd2)(afnda) (v ) a)
where
o . Input symbol (of rank 2)
q,p : states of rank 3 (i.e., with )
r . state of rank 2

output symbol (of rank 0)
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New: Then- Tr. Tr. (n-PTT)

At each moment an n-PTT can Yo

= move up/down/stay

[l

[l

= generate and
spawn new (indep.)

computations

M@

Theory of XML Transformations — Feb’03 Lausanne — p.12/2(




ple 1-PTT: Finding Patterns

Look for:
3 . has only daughters
: male descendant of

en female



ple 1-PTT: Finding Patterns

Look for:
3 . has only daughters
: male descendant of

en female
Pattern:

children

/

fem

AT

y

reading head



arison DPTT with DMTT

DPTT
TT

DPTT™! C DMTT™!,

C O-
C 0-DPTTS.

1" =DMTT: Both have the same query power.



1 C n+1 C n+l.
2 C S,
= = " Both have the same query power.

operational declarative
might not terminate always terminate

(DEXPTIME-complete!!)
REGT C Dom(DPTT)??? REGT = Dom(DMTT)
size inc. < exp size inc. < double exp
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3.

Three immportant properties of compositions of MTTSs:

Let7 € MTT* and R;,,, € REGT.
71 is effectively regular [Engelfriet/\VVogler1985]
Finiteness of 7(R;,) decidable [Drewes/Engelfriet1998]

Translation 7(s)=' can be computed (for 7 € DMTT)
In DTIME(O(|s| + | |)) [M2002]

Theory of XML Transformations — Feb’03 Lausanne — p.15/2(



Applications of | . Type Checking

Type Checking Problem

output: {

INnput: types R,

“yes11

no"

€ REGT, translation 7

If T(Rin) g

otherwise.
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Applications of | . Type Checking

Type Checking Problem

INnput: types Ri, € REGT, translation
“yes”’ If 7(R;,) C

output: y ( '_n) -
“no” otherwise.

Decidable: (using : 7! preserves REGT)
7(Rin) C iff 7= '(~.) CRi,
and inclusion of REGT is decidable.
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Almost Always Type Checking

Almost Always Type Checking Problem

INnput: types R, € REGT, translation 7

“no”’ otherwise.

“yes” If 7(R.,) — R, IS finite
output: { Y 7(Rin) = R
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Almost Always Type Checking

Almost Always Type Checking Problem

INnput: types R, € REGT, translation 7
“yes” If 7(R,) — R, IS finite
output: y ( '_n) o
“no” otherwise.

If “yes” then the finite set of “input exceptions” E

E=Rin— 7" (Row)

can be computed.
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Applications of

MTTs are fu. programs based on primitive recursion.
Elimination of intermediate data structures (e.g. deforestation).
Using composition properties of DMTTSs:

DTOP o DMTT o DTOP C DMTT.
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Applications of

MTTs are fu. programs based on primitive recursion.
Elimination of intermediate data structures (e.g. deforestation).
Using composition properties of DMTTSs:

DTOP o DMTT o DTOP C DMTT.

. “automatic generation of garbage-free compilers”

MTT o MTT o MTT

ARA
7 DTIME(| + | |

small (no garbage)
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4. Conclusions/ Further Reserach

Cross Fertilization:

Tree Language Theory | <— | XML Processing/Databases

E.Q..
hold for (compositions of) PTTs!!

In particular:

(which improve the results of [Milo/Suciu/Vianu2000])
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4. Conclusions/ Further Reserach

New Result: Collapse of DMTT hierarchy, for Linear Size Increase:

DMTT*NLSIZE C DMTT N LSIZE [M2003]
= MSOTT [Engelfriet/M2001]
= MSOTT s a subclass of DMTT*!!

m Complexity of Inv. Type Inference for subclasses?

» What if subclasses of REGT are considered?

Theory of XML Transformations — Feb’03 Lausanne — p.20/2(



4. Conclusions/ Further Reserach

New Result: Collapse of DMTT hierarchy, for Linear Size Increase:

DMTT*NLSIZE C DMTT N LSIZE [M2003]
= MSOTT [Engelfriet/M2001]
= MSOTT s a subclass of DMTT*!!

m Complexity of Inv. Type Inference for subclasses?

» What if subclasses of REGT are considered?

Theory of XML Transformations — Feb’03 Lausanne — p.20/2(



	Outline
	XML = Trees
	{white 1.} XML Types = Regular Tree L's
	XML Queries / Transformations
	XML Query Languages
	{white 2.} XML Transfo. = Tree Tranducers
	Example: Top-Down Tr. Tr.
	Top-Down Tree Transducers
	Adding {
ed Parameters}: Macro Tr. Tr.
	Example MTT
	New: The n-{
ed Pebble} Tr. Tr. (n-PTT)
	Example 1-PTT: Finding Patterns
	Comparison {magenta DPTT} with {green DMTT}
	{white 3.} Applications
	Applications of {
ed I}: Type Checking
	Almost Always Type Checking {
ed I+II}
	Applications ofquad {
ed III}
	{white 4.} Conclusions / Further Reserach
	{white 4.} Conclusions / Further Reserach

