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“for every a there is a b with same data value to its right”
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Formalisms for data words
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Formalisms for data words
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data word

b ¢c abc c¢c aab c¢c b
AxD)*
315 1 1 1445 1 4 BD
> S9000000¢ » infinite domain
Ceeeeiiiann. » finite alphabet
high complexity
Reasoning with logics on data words:  or

limited expressive power

Things become ugly as soon as: 00B0 - 0000



Complexity of logics for data words

A “real logic”: A V =

Capable to do distant tests:
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Path logics

e Path = sequence of contiguous positions

o Set of properties P of paths (eg. regular languages)

I can travel through to a position with the same data value

through a path m with property peP.”

Example: PDL <a*b> ¢ (From the current point I can

access a point through a path in a*b where ¢ holds)




XPath on data words

path expressions 005035000000
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Satisfiability of XPath on data words

XPath(—+, +<—): undecidable *
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Satisfiability of XPath on data words

XPat]

XPat]
XPatl
XPatl

): undecidable *
»+*«—): undecidable *
): undecidable *
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In particular, any fragment with —+*or t«—is

® [Demri, Lazié,
2006]
& [E, Segoufin, 2009]

or has a

SAT-XPath( >+)
Y
SAT-XPath(—)
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---------------------------------------------------------------------
*

3
---------------------------------------------------------------------

No more than one : @ : @ per block
All have different data (resp @ : @)

@ points to next block
For every there is an @With same datum

Order in the block: @ @ @

next-block(d) := (e = —*[N A (e = —*[B A ] ) ]—*[E])
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---------------------------------------------------------------------

v X No more than one : @ : @ per block
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V ‘/ For Cvery thGI'C 1s an @Wlth same datum

v VvV Order in the block: Q @ @
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Satisfiability of XPath on data words

XPath(—>+, +«—): undecidable *
»+*—): undecidable *
»* *—): undecidable *

XPath(—*): decidable, non-PR o

XPath

XPath

In particular, any fragment with —+*or t«—is

or has a

What about XPath(—>*)?  XPath(—*) is decidable in 2ExpSpace ¢

[ [BeronijLazid,
2006]
o [E, Segoufin, 2009]


http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/s/Segoufin:Luc.html
http://www.informatik.uni-trier.de/~ley/db/conf/mfcs/mfcs2009.html#FigueiraS09

SAT-XPath(—*,*<—) decidable in 2ExpSpace

Proof idea:

We work with abstractions of sub-words of a data word satistying ¢

A

“Every a has a b with the
same dv to the right”

There must be a

(b,1) to the right R

ababbaabacabac
17444211531912

Each position has its “atomic profile”

' hat’s inside
Concatenation between profiles T ew d

e demands to the left



SAT-XPath(—*,*<—) decidable in 2ExpSpace

Proof idea:

We work with abstractions of sub-words of a data word satistying ¢

ababbaabacabac
17444211531912

Each position has its “atomic profile” H|> Find a way of concatenating atomic

Concatenation between profiles profiles so that it has a certain property

Problem: profiles are infinite
Solution: well-behaved ordering between profiles preserving sat:

if w abstracts a part of a model of ¢ then so does n'>7

T — .



SAT-XPath(—*,*<—) decidable in 2ExpSpace

Proof idea: XPath(—**«—)

A ‘simple’ logic ...in Scott Normal Form’
There is a position labelled “a’
For every position labelled ‘a’ a BC of:

Lol "e—=[d1]"«—[d0] = —"[Vo] —="[V1]—"---

Lol ="+ —="[d1]—" 0] = — Vo] —"[V1]—"---

{d = —>*[\[/0]—>*[\[/1]—>* e —>*[\[/m] >



SAT-XPath(—*,*<—) decidable in 2ExpSpace

Proof idea:
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Proof idea: XPath(—**«—)
A ‘simple’ logic ...in Scott Normal Form’
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there is only one dv under a c
for every a, there is a b accessible via a ¢ with the same dv

there is a position labeled ¢

of ¢ ={ceb,c b}

bcabccaabcbI:
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there is only one dv under a c
for every a, there is a b accessible via a ¢ with the same dv

there is a position labeled ¢

of ¢ ={ceb,c b}
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there is only one dv under a c
for every a, there is a b accessible via a ¢ with the same dv

there is a position labeled ¢

of ¢ ={ceb,c b}

from theleft  [--> |

— reachable data (| 1. right [ <]
profile

external from the left < |

ﬂ( reachable data from the right [ ]->
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a+b : SAT(¢) &
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w|) determines whether wk ¢ «|

There is complete 7 € Der
so that 7 F ¢



a b b a b c¢flalb ¢ ¢ a a b ¢ b
1 2 4 4 3 11511 1 1 4 4 5 1 4
7T =abs(w,i,i+1) (compatible with ¢)

Atomicy = all ¢-abstractions of positions within data words

b ) abs(w,0,|w|) determines whether wk ¢

There is complete 7 € Der

a+b . SAT(¢) & so that 7 F ¢

Der : > [ ]

How to compute Der?



1 By property before: Der = TDer

e, » {7|7' < 7,7 €Der}

2 MIN( Atomic ) is finite and computable
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In principle, non-primitive recursive.

MIN({abs(w,i,|w|)) determines whether wk ¢

= no need to compute MIN(Der), it suffices to compute MIN({ Der).

1444 777
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Complexity? In principle, non-primitive recursive.

Observation: MIN(labs(w

w|)) determines whether wk ¢

= no need to compute MIN(Der), it suffices to compute MIN({ Der).
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return( R );

computes MIN({ Der)
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2% many MIN(Profiles) = 2ExpSpace procedure

there is only one dv undera ¢
for every a, there is a b accessible via a ¢ with the same dv

there is a position labeled ¢
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2% many MIN(Profiles) = 2ExpSpace procedure

there is only one dv undera ¢
for every a, there is a b accessible via a ¢ with the same dv

there is a position labeled ¢

abbabcab[c]caabcblz
ZU124431511144514 CP
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2% many MIN(Profiles) = 2ExpSpace procedure

there is only one dv undera ¢
for every a, there is a b accessible via a ¢ with the same dv

there is a position labeled ¢
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2% many MIN(Profiles) = 2ExpSpace procedure

there is only one dv undera ¢
for every a, there is a b accessible via a ¢ with the same dv

there is a position labeled ¢

aab b a b cca bb[c]ccca a b ccb V
192 4 4 3 195 191119194 4 S 19 4 CP
TR~
Atomicy

There are only polynomially many ‘conflicting’ data values.

We can treat them as ‘constants.



From words to trees

Satisfiability for XPath(*«—, {,,—*) is decidable in 2ExpSpace. ¢’

Composed paths (T’ “1 or ﬂ eg: —>*[a]—>"[b] L «[c]

s AR ANAA

Two-operator algebra ) (4.4)f .
(a,d)
f f. g N
AARAN [EEAALR

¢ [E,2013]



Final remarks

thank you!



