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A Note on Equality Test
in XPath

Useful Functions (on Node Sets)

Careful with equality ("=") XPath 2.0 has clearer

comparison operators!
<a>

<b>
<d>red</d>
<d>green</d>
<d>blue</d>

</b> XPath 1.0

<c> Equality (“=*) is based on
<d>yellow</d> string value of a node!
<d>orange</d>
<d>green</d>

<lc>

<la> //a[b/d = c/d] selects a-node!

there is a node in the node set for b/d
with same string value as a node in node set c/d

A Note on Equality Test

pl, p2 XPath (1.0) Expressions

(p1==p2) istrue if there exists a node selected by pl

that is identical to a node selected by p2
XPath 2.0
XQuery 1.0

A Note on Equality Test

pl, p2 XPath (1.0) Expressions

(p1==p2) istrue if there exists a node selected by pl

that is identical to a node selected by p2
XPath 2.0
XQuery 1.0

<a>
<b>

<d>red</d>

<d>green</d>

<d>blue</d>

</b> //a[b/d == c/d] selects what?
<c>

<d>yellow</d>

<d>orange</d>

<d>green</d>

</c>
</a>

<a>
<b>
<d>red</d> false  (on any document)
<d>green</d>
<d>blue</d> N
</b> //a[b/d == c/d] selects what?

<c>
<d>yellow</d>
<d>orange</d> /7*[child: znodeQ[1]

</<Cd:9’ee”<’d> == child: :node() [position()=last()]]

</a>




A Note on Equality Test
Recall

child::* all child nodes that are elements
child::comment() all child nodes that are comments
child::processing-instruction()  all child nodes that are proc. instr.’s
child::node() all child nodes that are element/comments/PI's

(only way to get to an attribute, is via the attribute-axis) Question
Which axes can bring

you from an attribute-node

A Note on Equality Test

pl, p2 XPath (1.0) Expressions

(p1==p2)

XPath 2.0
XQuery 1.0

is true if there exists a node selected by p1
that is identical to a node selected by p2

<a> back to an element-node?
<b> XPath 1.0 simulation of (node) equality test (==
<d>red</d> false  (on any document) —
<d>green</d>
—
<d>blue</d> — it
<b> //a[bsd == c/d] selects what? Instead of - (p1 == p2) write:
<c>
<d>yellows/d> (count(pl | p2) < count(pl) + count(p2)) ©
<d>orange</d> /7*[child: znodeQ[1]
</<c">>9’ee”<’d> == child: :node() [position()=last()]]
</a> 7 8
A Note on Equality Test 1. XPath Equivalence
Question

Can you give an XPath 1.0 filter expression

pl, p2 XPath (1.0) Expressions

for checking whether the (p1=p2) ‘i)sltnllse ?fquwalent 0" p2
; 5 s
nade set of pl is equal to the node set of p27 for any document D, and any context node N of D,
pl evaluated on D with context N gives the same result as
p2 evaluated on D with context N.
XPath 1.0 simulation of (node) equality test (== Examples
. /a//*/b = Ja/*//b
Instead of (pl == p2) write: /7a/b/c/. /.. = //a[.b/c/]
//7a[b | c] = //a[b] | //a[c]
(count(pl | p2) < count(pl) + count(p2)) © //*[/a = /b] = /..
NOT equivalent: child::*/parent::* i self::*
-> show a counter example!
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1. XPath Equivalence 1. XPath Equivalence
EBNF for XPaths that we want to consider now: pl, p2 XPaths
p arbitrary XPath
path = path | path | / path | path / path | path [ qualif 1 | azis :: nedetest g arbitrary qualifier
qualif = qualif and qualif | qualif or gualif | ¢ qualif ) Rel>Abs If pl = p2, then /pl = /p2.
path = path | path == path | path
axis = reverse_aris | forward_azis . Adjunct p2 andpisa relati\_/e, then pl/p = p2/p.
Feverse aris o parent | ancestor ancegtor-or-gelf p2 and pl' p2 relatlve, then p/pl = plpz'
If pl=p2, then pl[g]=p2[q] and p[pl] =p[p2].
preceding | preceding-sibling .
forward_axis = self | child | descendant | descendant-or-self Qualifier Flattening p[p1/p2] = p[p1[p2]]
following | following-sibling .
nodetest 2= tagname | * | text() | node() . ancestor-or-self::n = ancestor::n | self::n
descendant-or-self:n = descendant::n | self::n
An XPath starting with “/” (root node) is called absolute, g?pﬁ ::/%]2]5 pﬁé&s{:ﬁ}}qﬁgzg(; :/Zz,]rl)z]]
otherwise it is called relative (will be evaluated relative to a given context node). - -
(Note: Thisis Core XPath wo negation, but with = and == operators)
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1. XPath Equivalence

“no backward at root node”

tesfs, 1

L
constricts =, nede (), or text().

w 3.2, Let moand n be node

o Let o be one of the ares parent,
following. or following-sibling. /Then the following holds:

self and n = node()

1g equivalences hold:

Ancestor n = node ()

PR {f’eel{:'nude[][cnlld:

child:zm  if e . .
fehild: zmfa::n) {""-"11“' if o = anceator node()

otheruise

(same holds for a = parent)

{m and n are tag names or one of the Path

cestor. preceding. preceding-sibling. self

2. No Looking Back

Dual backward forward

parent

ancestor
ancestor-or-self
preceding
preceding-sibling

Thus: dual(parent) = child
dual(following) = preceding
etc.

Rewrite rule #1 (p,s: relative paths, ax: reverse axis)

p[ax::m/s] >
p[/descendant: :m[s]/dual(ax): :node() == self::node()]
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Rewrite rule #1 (p,s: relative paths, ax: reverse axis) Rewrite rule #1 (p,s: relative paths, ax: reverse axis)
plax::m/s] > plax::m/s] >
p[/descendant: :m[s]/dual(ax): :node() == self::node()] p[/descendant: :m[s]/dual(ax): :node() == self::node()]
any “m[s]-node” but, via dual axis, must any “m[s]-node” but, via dual axis, must
in the tree reach context node in the tree reach context node
E.g. ax=ancestor E.g. ax = preceding-sibling
p[ancestor::m] > pI[preceding-sibling::m] >
p[/descendant: :m/descendant: :node()==self::node()] p[/descendant: :m/following-sibling: :node()==self::node()]
“any m-node from which the context node can be reached via descendant, “any m-node from which the context node can be reached via following-sibling,
must be an ancestor of the context node.” must be a preceding-sibling of the context node.”
15 16

Rewrite rule #1 (p,s: relative paths, ax: reverse axis)

plax::m/s] >
p[/descendant: :m[s]/dual(ax): :node() == self::node()]

! I

any “m[s]-node” but, via dual axis, must
in the tree reach context node

E.g. ax=preceding-sibling

pI[preceding-sibling::m] >

“any m-node from which the context node can be reached via following-sibling,
must be a preceding-sibling of the context node.”

Similar for parent and preceding. (ancestor-or-self not really needed. Why?)

p[/descendant: :m/following-sibling: :node()==self::node()]
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Rewrite rule #1 (p,s: relative paths, ax: reverse axis)

plax::m/s] >
p[/descendant: :m[s]/dual(ax): :node() == self::node()]

i in left-hand side of equivalence
avigation in right-hand side of equivalence

el e

. selected nodes

18




Rewrite rule #1 (p,s: relative paths, ax: reverse axis)

plax::m/s] >
p[/descendant: :m[s]/dual(ax): :node() == self::node()]

Removes first reverse axis inside a filter (qualifier).

Use qualifier flattening to replace *any* reverse axis
from inside a filter.
Qualifier Flattening plp1l/p2] = plpl[p2]]

E.g.
/descendant: :price/preceding: :name
is rewritten via Rule #2a into:

/descendant: :name[fol lowing: :price==/descendant: :price]

Similar rules for absolute paths:

/p/fAx::n/ax::m = /descendant::m[dual(ax)::n == /p/fAx::n]

/fAX::n/ax::im = /descendant::m[dual(ax): :n == /fAx::n]

Rewrite rules #2 and #2a

Similar rules for absolute paths:

/p/fAx::n/ax::m = /descendant::m[dual(ax)::n == /p/fAx::n]

/fAX::n/ax::im = /descendant::m[dual(ax)::n == /fAx::n]

Rewrite rules #2 and #2a
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Eg. E.g.
/descendant: :price/preceding: :name /descendant: : journal [chifd: : title]/descendant: :price/preceding: :name
is rewritten via Rule #2a into: a tautology becomes
/descendant: :name[fol lowing: :price==/descendant: :price] /descendant: :name[following: :price==
I Fdescendant: :journalfchilld: :titlie}/descendant:price]
Of course, the “join” can be removed in this example: N ded. in thi
ot ne? ed, in this Can you avoide the join, also for this example??
/descendant: :name[fol lowing: :price] example.
Similar rules for absolute paths: Similar rules for absolute paths:
/p/fAx::n/ax::m = /descendant::m[dual(ax)::n == /p/fAx::n] /p/fAx::n/ax::m = /descendant::m[dual(ax)::n == /p/fAx::n]
/fAX: n/ax:z:m = /descendant: :m[dual(ax): :n == /fAx::n] /fAX: n/ax::m = /descendant: :m[dual(ax)::n == /fAx::n]
Rewrite rules #2 and #2a Rewrite rules #2 and #2a
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path = path | path | / path | path / path | path [ qualif 1 | axis :: nodetest 2 NO LOOking BaCk
qualif = qualif and qualif | qualif or qualif | { qualif )
path = path | path == path | path . Dual backward forward
aris 1= reverse_aris | forward_aris
reverse.ris = parent | ancestor | ancestor-or-self parent
preceding | preceding-sibling . ancest(l): not
forward_aris = self | child | descendant | descendant-or-self preceding needed
following | following-sibling . preceding-sibling
nodetest 2= tagname | * | text() | node() .
Joins (==) are expensive! (typically quadratic wrt data)
) pl[ax::m/s] >
p[/descendant: :m[s]/dual(ax): :node() == self::node()] To obtain queries with fewer joins
(2) /p/fAx::n/ax::m = /descendant::m[dual(ax)::n == /p/fAx::n] consider the forward-axis left of the reverse-axis to be removed!
(2a) /fAx::n/ax::m = /descendant::m[dual(ax)::n == /fAx::n]
New rules will be of the form
Rules (1),(2),(2a) suffice to remove ALL backward axes from above queries!
Why? p/forw/back > p_new
-> Size Increase?
> How many joins? p/forw[back] & p_new
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2. No Looking Back 2. No Looking Back
Interaction of back=parent with forward axes: Interaction of back=parent with forward axes:
descendant: : n/parent: : m = descendant-or-self:: mlchild: :n] {(3) descendant: : n/parent::m = descendant-or-self:: mlchild: :n] (3)
child: :n/fparent::m = self::m[child::n] {4)
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2. No Looking Back 2. No Looking Back
Interaction of back=parent with forward axes: Interaction of back=parent with forward axes:
descendant: : n/parent: : m = descendant-or-self:: mlchild:: {(3) descendant: : n/parent: : m = descendant-or-self:: m[child: : n] (3)
child: :n/fparent::m = self::m[child::n] {4 child: :nfparent: :m = self::m[child::n] {4)
pfaelf::infparent::m = pl[self::n]/parent::m {5 pfaelf::infparent::m = pl[self::n]/parent::m {5
pftelloving-sibling: :n/parent: :m = p[following-sibling: :n]/parent: :m (G)
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2. No Looking Back 2. No Looking Back
Interaction of back=parent with forward axes: Interaction of back=parent with forward axes:
descendant: : n/parent: : m = descendant-or-self:: mlchild: :n] {(3) descendant: : n/parent::m = descendant-or-self:: mlchild: :n] (3)
child: :n/fparent::m = self::m[child::n] {4 child: :nfparent: :m = self::m[child::n] {4)
(8]

pfself::n/parent::m = plself::n]/parent::m (5

pftollowing-sibling: :n/parent::m = p[following-gibling: :n]/parent: :m i
p/fellowing: in/parent: :m = p/following: :mf[ehild: :n]

| p/ancestor-or-self::*[following-sibling:

fparent::m

29

pfself:infparent::m = plself::nl/parent::m
pftollowing-sibling: :n/parent::m = p[following-gibling: :n]/parent: :m
pftollowing: infparent::m = pffollowing: :m[ehild: :n]

fparent::m

descendant::n [parent::m] = descendant-or-self::m/child
child: :n[parent::m] = self::m/child::n
pfself::n[parent::m] = plparent::m]/eelf::n
pffellovwing=sibling: in[parent::m] = plparent: :m]/felloving-sibling: :n
pftollowing: :n[parent: :m] = p/following: :m/fchild: tn
| pfancestor-cr-self::=[parent::m]

/tellowing-aibling: :n

| pfancestor-or-self::*[following-sibling::

8)

[RU]

{12)

30




2. No Looking Back

Interaction of back=ancestor with forward axes:

2. No Looking Back

Interaction of back=ancestor with forward axes:

pffollowing=sibling: ;nfancestor::

m = plfellowing-sibling:

sn]/ancestor::m

35

pffellowing-sibling: :

pfeelf:nfancestor

= plself::n]/ancestor::

nfancestor:: plfellowing=-sibling: :n)/ancestor: :m
= pffollowing: tm [descendant: :n]

| p/ancestor-er-self::«

pfollowing: :nfancestor: :m

[following-sibling: :+/descendant-or-gelf: :n]

fancestor::m

Similar rules for ancestor in afilters.

pfd dant : : n/; = sim)f tim 13) pid dant : : n/; sim = pl zim)f tim 1)
I r-self::m[ ::n] I r-self::ml 1:n]
/descendant: : n/ancestor: i m = /descendant-or-gelf: :m[descendant: :n] (13u)
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2. No Looking Back 2. No Looking Back
Interaction of back=ancestor with forward axes: Interaction of back=ancestor with forward axes:
pid dant : : nf sim = pl s in) /i im 1:3) pid dant : : nf sim = pl 2imdf im 13)
Iy r-self::ml: in] Iy r-self::ml. iin)
fdescendant: : n/ancestor::m = /descendant-or-self: : m[descendant: :n] { fdescendant: : n/ancestor::m = /descendant-or-self: : m[descendant: :n]
pfchild: i nfancestor: :m = plchild: :n] fancestor-or-self::m pfchild: i nfancestor: :m = plchild: :n] fancestor-or-self::m
pfeelf:infancestor: im = plself::n]fancestor: :m
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2. No Looking Back 2. No Looking Back
Interaction of back=ancestor with forward axes: Interaction of back=ancestor with forward axes:
pid dant : : nf sim = pl s in) /i im 1:3) pid dant : : nf sim = pl 2imdf im 13)
Iy r-self::ml: iin] Iy r-self::ml. iin)
Jdescendant: : n/ancestor: : m = /descendant-or-self: :m[descendant: : n] (13n) Jdescendant: : n/ancestor: : m = /descendant-or-self: :m[descendant: : n] (13a)
pfchild: :nfancestor::m = plchild: :n] fancestor-or-self::m pfchild: :nfancestor::m = plchild: :n] fancestor-or-self::m
pfaelf: infancestor: = plself::n]/ancestor: :m

36




p/following-sibling: :nfancestor: :m = plfolloving-sibling:

2. No Looking Back

Interaction of back=ancestor with forward axes:

pld dant : : n/f pl sindf sim (13)
| p/d 4 r-self: il t:n]
fdescendant: : n/ancestor: = /descendant-or-gelf: :m[descendant: :n] (13}

pfchild: i nfancestor: i m = plchild: :n] fancestor-or-self::m {14

pleelf:nfancestor: pleelf::n]/fancestor:

J/ancestor::m (16)

p/following: :nfancestor: :m = pffollowing: :m[descendant: :n] {17}

| p/ancestor-er-self

[following-sibling: :+/descendant-or-gelf:

fancestor::s

m

Similar rules for ancestor in afilters.

E.g., what is the forward query for: //*[ancestor::a]

37

2. No Looking Back

Interaction of back=preceding with forward axes:

pfdescendant: :n/preceding: : m = pldescendant: : n] /preceding: :m (3]
| piehild: :»
[following-sibling: : »/descendant-or-self::n]
fdescendant-cr-self::m

/descendant: :n/preceding: :m = /descendant : : m[following:: n (33
pfehild: in/preceding: :m = plehild: :n]/preceding: :m (4]
| pfehild: s+ [following-sibling: :n]
fdescendant-cr-self::m
pfself: n/preceding: ;i = plself::n)/preceding: :m (35)
p/tollowing-gibling: :n/preceding: :m = p[following-sibling: :n]/preceding: :m (36)

| p/tollowing-sibling: : #[following-sibling: :n]
fdescendant-or-gelf::m

| plfollowing=sibling: :n]/descendant-or-self: :

pffollowing: :n/preceding: :m = plfollowing: :n]/preceding: :m (37)
1

n]/descendant-or-self: im

| pffollowing [following

| plfollowing:

38

Rule 33

|

L 9 @

sinfp ing::m = pl tin)/preceding: :m

I pfehild: e [following-eibling: : »/descendant-or-gelf: :n]/descendant-or-gelf: :m

39

Rule 33

|

o

s = pl ::nl/preceding: :m

1 t#[following-sibling: : +/descendant-cr-self: :n] /descendant-or-self: :m

Wrong. p
Should be descendant instead! /I\
m n

40

2. No Looking Back

/descendant: :price/preceding: :name
is rewritten via Rule #2a into:

/descendant: :name[fol lowing: :price==/descendant: :price]

p

/descendant: - journal [chi

:title]/descendant: :price/preceding: :name

becomes

/descendant: :name[following: :price==
/descendant: : journal [child::title]/descendant: :price]

Now, let us use Rule (33a)

/descendant: :n/preceding::m

We obtain

/descendant: :name[fol lowing: :price]

41

Rule (33a)

/descendant: :n/preceding::m =» /descendant
doesn’t work because descendant is absolute here.
Rule (33):

p/descendant: :n/preceding::m <> p[descendant::n]/preceding::m

[following::n]

| p/child::*[following-sibling::*/descendant-or-self::n]
/descendant-or-self::m
We obtain
p[descendant: :price]/preceding: :name
| p/child::*[following-sibling::*/descendant-or-self: :price]
/descendant-or-self::name
42




/descendant /descendant: :price/preceding: :name
becomes

/descendant: :name[fol lowing: :price==
/descendant: : journal [child: :title]/descendant: :price]

/descendan descendant: :price/preceding: :name
becomes

/descendant: :name[fol lowing: :price==
/descendant: : journal[child::title]/descendant: :price]

Rule (33a)
/descendant: :n/preceding::m =» /descendant::m[following::n]
doesn’t work because descendant is absolute here.
Rule (33):
p/descendant: :n/preceding::m = p[descendant::n]/preceding::m
| p/child::*[following-sibling::*/descendant-or-self::n]
/descendant-or-self::m

stitle][descendant: :price]

ing::*/descendant-or-self::price]
/descendant-or-self: :name
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Rule (33a)
/descendant: :n/preceding::m =» /descendant::m[following::n]
doesn’t work because descendant is absolute here.

/descendant: :name[following: : journal [child: :title][descendant::price]]
| p/child::*[following-sibling: :*/descendant-or-self::price]
/descendant-or-self: :name

- Rule (33a) with ::title][descendant: :price]

preceding: :name
olfowing-sibling: :*/descendant-or-self: :price]
/descendant-or-self: :name

44

/descendant preceding: :name

becomes

/descendant: :naj Towing::

/descendant: : journal [child::title]/descendant: :price]

Rule (33a) \«
/descendant: :n/preceding::m =» /descendant::m[following::n]
toesmtworkb € Retart hite-here- seems it does work! ©

/descendant: :name[following: : journal[child: :title]{descendant: :price]]
| p/child::*[following-sibling: :*/descendant-or=self::price]
/descendant-or-self: :name

plpL/p2]
= plpi{p2]]

What about this one:

/descendant: :name[fol lowing: : journal [child: :title]/descendant: :price]

Theorem
( from D. Olteanu, H. Meuss, T. Furche, F. Bry
XPath: Looking Forward. EDBT Workshops 2002: 109-127 )

Given an XPath expression p that has no joins of the form (p1 == p2) with
both p1,p2 relative, an equivalent expression u without reverse axes
can be computed.

Time needed: at most exponential in length of p
Length of u:  at most exponential in length of p

(moreover: no joins are introduced when computing u)

Questions

- Why rewriting takes exponential time?
-> Can you find a subclass for which Time to compute u is linear or polynomial?
- What is the problem with joins (p1 == p2) for removal of reverse axes?
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3. XPath Containment Test

Theorem
Given an XPath expression p that has no joins of the form (p1 == p2) with Given two XPath expressions p, q:
both p1,p2 relative, an equivalent expression u without reverse axes Are all nodes selected by p, also selected by q? (on any document)
can be computed. (p “contained in” q)
Time needed: at most exponential in length of p Has many applications! Boolean query
(moreover: no joins are introduced when computing u)

Want to select documents that “match p”.

- If a document matches p, and p contained in g,

then we know the document also matches q!
More Questions

- If a document does not match ¢, and p contained in q,
- Give an example of Core backward XPath with negation, for then we know the document does not match p!
which there is no forward XPath query.
- Give an example of Core backward XPath with data values, for Applications
which there is no forward XPath query.

=> Decrease online-time of publish/subscribe systems based on XPath
- Give an example of a Core backward XPath with counting, for > Decrease query-time by making use of materialized intermediate results
which there is no forward XPath query. = Optimization by ruling out queries with empty result set

etc, etc
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3. XPath Containment Test

Given two XPath expressions p, q

“0-containment”
PSoa

For every tree, if p selects a node then so does q.

“1-containment”
pPSia

For every tree, all nodes selected by p are also selected by q.

“2-containment”
pPC2q

For every tree, and every context node N,
all nodes selected by p starting from N,
are also selected by q starting from N.

1. Inclusion on Booleans
2. Inclusion on Node Sets
3. Inclusion on Node Relations

} start from root

(If only child and descendant axes are allowed
then C; and C, are the same! -- Why? )

3. XPath Containment Test

Given two XPath expressions p, q

“0-containment”
PSoa

For every tree, if p selects a node then so does q.

“1-containment”
pPSia

For every tree, all nodes selected by p are also selected by q.

Question

Given p, g and the fact p €, q,
how can you determine from a result set of nodes for g,
the correct result set of nodes for p?
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PTIME
3. XPath Containment Test 2. XPath
Containment Test
Given two XPath expressions p, q =
Sometimes we want to test containment wrt a given DTD: from:
n; '
p =/a/b//d : .
q =/al/c Boolean! T. Schwentick )
f_\ XPath query containment.
Want to check if p S d. SIGMOD Record 33(1): 101-109 (2004)
NO! a FSPACE
|
1‘3 But, what if documents are valid wrt to this DTD?
EXPTIME
d root > a*
a > b* | c*
b > d+c+ Terlecblall
c > b?c?
51 52
Pattern trees /a\ 3. XPath Containment Test
Eg. p = a[.//d1/*//c d H
‘ 4 techniques of testing XPath (Boolean) containment:
<
. ) o (1) The Canonical Model Technique
Note: child order hal\s no meaning in selection node (unique)
pattern trees! (2) The Homomorphism Technique
(3) The Automaton Technique
Test C, (node set inclusion) using C, (Boolean inclusion)
(4) The Chase Technique
-> Simply add a new node below the selection node
a
New tree is Boolean (no selection node) / \
d *
In a given XML tree: ‘
pattern matches / does not match. c
X
53 54




3. XPath Containment Test

3. XPath Containment Test

Canonical Model - XPath(/,/7/,[1.%) Canonical Model - XPath(/,//,[1.%)
Idea: if there exists a tree that matches p but not g, then Example a
such a tree exists of size polynomial in the size of p an . ‘ a
b Z2RN
Simple: remember, if you know that the XML document is only of height 5, / \ d It
then //a/b/*/c could be enumerated by /a/b/*/c | I*[albl*Ic | I*[*lalbl*Ic | I*I*I*/a... d * ‘
— | c
Similarly, we try to construct a counter example tree, by c
replacing in p B q's patter tree
s patter tree
N = length of psp
- every * bysome new symbol “z” longest */../* chain Test for a a a
> every /I by z/,2lzl, zlzlzl, ... zlzl..Iz] inq g-match: | | |
| S— b b Formally, must test
N+1 many z's d/ \z z/ \Z z/ \z 1and 2 more z's
at right branch of
‘ ‘ ‘ ‘ ‘ each of the trees.
c d c z c
55 d 56
3. XPath Containment Test 3. XPath Containment Test
Homomorphism h maps each node of ’s query tree Q Homomorphism h maps each node of q"s query tree Q
to a node of p’s query tree P such that to a node of p’s query tree P such that
a ._h\
(1) root of Q is mapped to root of P ‘ a
(2) if (u,v) is child-edge of Q then (h(u),h(v)) is child-edge of P
(3) if (u,v) is descendant-edge of Q, then b d/ \
h(v) is a “below” h(u) in P / AN “
(4) if uis labeled by “e” (not *), then h(u) is also labeled by “e”. d *
c
c
,q expressions in XPath(/,//, ’
p.q expl ( m p's patter tree q's patter tree
Theorem
p Sy q ifandonlyif thereis a homomorphism from Q to P.
(1) root of Q is mapped to root of P
(2) if (u,v) is child-edge of Q then (h(u),h(v)) is child-edge of P
(3) if (u,v) is descendant-edge of Q, then
h(v) is a “below” h(u) in P
(4) if u is labeled by “e” (not *), then h(u) is also labeled by “e”.
57 58
3. XPath Containment Test 3. XPath Containment Test
Homomorphism h maps each node of g's query tree Q Homomorphism h maps each node of g's query tree Q
to a node of p’s query tree P such that to a node of p’s query tree P such that
a #h\ a ._h\
| a | a
b ZRN b Z2RN
/ AN d * / AN d *
d * h | d * h l
c / c
c c h
p's patter tree q's patter tree p's patter tree q's patter tree
(1) root of Q is mapped to root of P (1) root of Q is mapped to root of P
(2) if (u,v) is child-edge of Q then (h(u),h(v)) is child-edge of P (2) if (u,v) is child-edge of Q then (h(u),h(v)) is child-edge of P
(3) if (u,v) is descendant-edge of Q, then (3) if (u,v) is descendant-edge of Q, then
h(v) is a “below” h(u) in P h(v) is a “below” h(u) in P
(4) if u is labeled by “e” (not *), then h(u) is also labeled by “e”. (4) if u is labeled by “e” (not *), then h(u) is also labeled by “e”.
59 60
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3. XPath Containment Test

Homomorphism h maps each node of g's query tree Q
to a node of p’s query tree P such that
h

h a\

b 2N
/\d/*
d *l h l
c'h/

q's patter tree

p's patter tree

=> hom. h exists from Q to P, thus p S, q must hold! ‘

(1) root of Q is mapped to root of P
(2) if (u,v) is child-edge of Q then (h(u),h(v)) is child-edge of P
(3) if (u,v) is descendant-edge of Q, then
h(v) is a “below” h(u) in P
(4) if u is labeled by “e” (not *), then h(u) is also labeled by “e”.

3. XPath Containment Test

“l-containment”  For every tree, all nodes selected by p are also selected by q.
pPSia

Question

Given p, g and the fact p €, q,
how can you determine from a result set of nodes for g,
the correct result set of nodes for p?

->With homomorphism technique:

Use a result node of g together with
run-time info on pattern nodes.

Enables to search “inside”, only on paths
between pattern nodes.

)
° Query nodes

of a p result
61 62
3. XPath Containment Test 3. XPath Containment Test
h a h 1. x:= parent of s c-nod Homomorphism h maps each node of g's query tree Q
B a - X:= parentofq's c-node to a node of p’s query tree P such that
b VZRN 2. Checkif g's *'wade is (1) root of Q is mapped to root of P
/ AN d (a) ancestor of x (2) if (u,v) is child-edge of Q then (h(u),h(v)) is child-edge of P
d * h H Eb; Ihabeled b . (3) if (u,v) is descendant-edge of Q, then
c) has a-paren is a4 » i
‘ ¢ (d) is ancgstor of g's d-node P hv)is a "below” h(u) in P f
. / q (4) if uis labeled by “e” (not *), then h(u) is also labeled by “e”.
s patter tree g’s patter tree ions in XPath(/ .77 [1)
,q expressions in XPath(/,//,
Cave: we will have to try all homomorphisms ... p.a exp
Theorem
SWith h hism techni pCoq ifandonlyif thereis a homomorphism from Q to P.
ith homomorphism technique:
Usetg reguflt node (;: q togedther with Cave If we add the star (*) then homomorphism need not exist!
run-time info on pattern nodes.
Enables to search “inside”, only on paths > thereare p,qe XPath(/,//,[].*) suchthat pCyq and
Query nodes between pattern nodes. there is no homomorphism from Qto P ®
of a q result
63 64
3. XPath Containment Test A A A e e
[/allb./b[.Ib/c]lic)/*c] [fallb[./b/c]/*/ic]
h
a a
b b
A// N
b * b *
N ol ;
b c c c c "
c .
IS there a homomorphism?? d
Cave |If we add the star (*) then homomorphism need not exist! Cave If we add the star (*) then homomorphism need not exist!
-> thereare p,qe XPath(/,//,[1,*) suchthat pE,q and > there are *
. . p.q € XPath(/,//,[1,*) suchthat pC,q and
there is no homomorphism from Qto P ® there is no homomorphism from Qto P ®
65 66
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p= /a[.//b[c/*//d]/b[c//d]/b[c/d]]

q= /a[.//b[c/*//d]}/b[c/d]]

Is p contained in q??
-> Test this, using the
canonical model!!

Cave If we add the star (*) then homomorphism need not exist!

-> thereare p,qe XPath(/,//,[1,*) suchthat p<S,q and
there is no homomorphism fromQto P ®

Let's check the web... = YES pcontainedinq!

senied by Khated H
pervised by B.C.Hiass

XPath-Query g afo] 00
XPatl-Qrsery g 5isd

Suomi Cumey

he sbbrovaated vyitas and prow the

1 that s & wabmet of

67
p=as’/*//a H
o= as/n/a 3. XPath Containment Test
Automaton Technique
Clearly, p is equivalent to q.
(containment holds in both Recall: for any DTD there is a tree automaton which
a T directions) recognized the corresponding trees.
N . But, no homomorphisms exist. Similarly, for any XPath(/,//,[1,*,]) expression ex we can
‘ construct a (non-deterministic bottom-up) tree automaton A
which accepts a tree if and only if ex matches the tree.
a a
Theorem
Containment test of XPath(/,//,[1.*,|) in the presence of DTDs
can be solved in EXPTIME.
Exponential (deterministic) time
Cave If we add the star (*) then homomorphism need not exist! Blow-up due to non-determinism of tree automaton.
> thereare p,qe XPath(/,//,[1.*) suchthat pCyq and BUT: no hope for improvement:
there is no homomorphism from Q to P ® The problem is actually complete for EXPTIME.
69 70
3. XPath Containment Test 3. XPath Containment Test
Automaton Technique Automaton Technique
Recall: for any DTD there is a tree automaton which Recall: for any DTD there is a tree automaton which
recognized the corresponding trees. recognized the corresponding trees.
Similarly, for any XPath(/,//,[1.*,]) expression ex we can Similarly, for any XPath(/,//,[1.*,]) expression ex we can
construct a (non-deterministic bottom-up) tree automaton A construct a (non-deterministic bottom-up) tree automaton A
which accepts a tree if and only if ex matches the tree. which accepts a tree if and only if ex matches the tree.
Theorem Theorem
Containment test of XPath(/,//,[1.*,|) in the presence of DTDs Containment test of XPath(/,//,[1.*,|) in the presence of DTDs
can be solved in EXPTIME. can be solved in EXPTIME.
= Automata can also be
Tested for Finiteness!
Union of automata  Intersection of automata Emptiness test Is p €, q, for all trees but
(“product construction”) for automata finitely many exceptions?
Proof Idea construct automaton for all possible Proof Idea construct automaton for all possible solvable!
counter example trees. Test if this automaton accepts any tree. counter example trees. Test if this automaton accepts any tree.
71 72
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3. XPath Containment Test

Chase Technique -- 1979 relational DB's to check query containment
in the presence of integrity constraints.

(“the chase”

Example - extends the relational
root > a homomorphsim
DTD E= 2 > b* | c* technique)
b >  d+c+
c > b?c?
p = /a/b//d . .
q = /al/c Is p contained in q for E-conform documents?

First Possibility:  use tree automata

Construct automata Ap, Ag, AE

Construct Bq for the complement of Aq (=not q)
Intersect Bq with Ap with AE (gives automaton A)
Check if A accepts any tree.

A2

Chase Technique

3. XPath Containment Test

-- 1979 relational DB's to check query containment
in the presence of integrity constraints.

(“the chase”
Example - extends the relational
root > a homomorphsim
DTD E= @ > b* ] c* technique)

b >  d+c+

c > b?c?
p = /a/b//d ) . 5
q = /a//c Is p contained in q for E-conform documents?

a

Each b-element has a d-child and a c-child ‘
=> constraints b
cl: b>d |
c2: b>c d

p’'s pattern tree

73 74
3. XPath Containment Test 3. XPath Containment Test
Chase Technique -- 1979 relational DB's to check query containment Chase Technique -- 1979 relational DB's to check query containment
in the presence of integrity constraints. in the presence of integrity constraints.
(“the chase” (“the chase”
Example . extends the relational Example . extends the relational
root :)) S* | o* homomorphsim root :)) S* | o homomorphsim
DTD E= 2 C technigue) DITD E= @& C technigue)
b > d+c+ b > d+c+
c > b?c? c > b?c?
p = /a/b//d o . p = /a/b//d o .
q = /a//c Is p contained in q for E-conform documents? q = /a//c Is p contained in q for E-conform documents?

a
Each b-element has a d-child and a c-child ‘
=> constraints

b
cl: b>d AR
c2: b>c d d

c

p’s pattern tree
after chasing with c1,c2
75

Each b-element has a d-child and a c-child

=> constraints

cl: b>d
c2: b>c

b
Z\
d c‘i C‘_yq'

p is contained in g
in the presence
of the DTD E

p’s pattern tree
after chasing with c1,c2

‘a/h

a

Cc

s
pattern tree

76

END
Lecture 8
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