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Outline

. Top-Down Evaluation of simple paths
. Node Sets only: Core XPath
. Bottom-Up Evaluation of Core XPath

. Polynomial Time Evaluation of Full XPath



1. Top-Down Evaluation of Simple Paths

Simple paths are of the form

(1) //tag 1/tag 2/../tag n
(2) //tag 1/tag 2/./tag_{n-1}/text()

Selects any node which is (1) labeled tag_n (2) a text node and

is child of a node labeled tag {n-1}

!

is child of a node labeled tag_{n-2} Examples

//author/last = select all last names

of authors
l //strip/characters/character/text() =
Is child of a node labeled tag_1 select all character names from a

DilbertML document

(return selected nodes in document order..)



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

//a/b =Q

OB O} 4
h position: p=1
é e @ @ query matc
(o) (b

[startElement( a )]
oJo oL
Thus, p=p+1=2
—> partial match. If element name

was different from “a”, then
p would remain equal to 1)



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

//a/b =Q

OB O} 4
h position: p =2
é e @ @ query matc
(o) (b

[startElement( a )]



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

//a/b =Q

(2,
N
g :
guery match position: p =2
(a) (a) (b) (&) y
(o) (by

[startElement( a )]
[startElement( b )]

ORO |

=Q[2]
p=2=length(Q), thus,
current node is a match!

Push current match position p —~ Mark it as match/result

for every startElement = push(p)

(except for the root node) 2>p=1



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

//a/b =Q

(2,
N
g :
guery match position: p =2
(a) (a) (b) (&) y
(o) (by

[startElement( a )]
[startElement( b )]

G e =I? [2]

p=2=length(Q), thus,
current node is a match!

Push current match position p —~ Mark it as match/result
for every startElement = push(p)
(except for the root node) 2>p=1

—> after closing endElement() we need to be in position p! (to match next-sibling)



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

//a/b =Q

(2,
N
g :
guery match position: p =2
(a) (a) (b) (&) y
(o) (by

[startElement( a )]
[startElement( b )]

G e =I? [2]

p=2=length(Q), thus,
current node is a match!

Push current match position - Mark it as match/result
for every startElement = push(p)
(except for the root node) 2>p=1

Question Why is p setto 1? What if query was //a/a?



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

6°
@@
ORO

//a/b =Q

4

2

guery match position: p=1

[startElement( a )]
[startElement( b )]




1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

PON
g\@
oJo
oJo

//a/b =Q
A 2

guery match position: p=1

[startElement( a )]
[startElement( b )]
[startElement( a )]

T

=Q[1]

Thus, push(p)
and p=p+1=2

10



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

PON
g\@
oJo
oJo

//a/b  =Q 1
A 2

guery match position: p =2

[startElement( a )]
[startElement( b )]
[startElement( a )]

11



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

//a/b =Q

/< :\
(b, 4
@f e @ \@ guery match position: p =2
e 0 [startElement( a )]
[startElement( b )]
[startElement( a )]
° e [endElement( a )]

\

P =pop()

12



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

joy
0§
(e) (b)
(o) ()

//a/b =Q

guery match position: p=1

[startElement( a )]
[startElement( b )]
[startElement( a )]
[endElement( a)]

13



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

JON
B
© (&
oJo

//a/b =Q

2

guery match position: p=1

[startElement( a )]
[startElement( b )]
[startElement( a )]
[endElement( a)]
[startElement( a )]

=Q[1]

Thus, push(p)
and p=p+1=2

14



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

JON
B
© (&
oJo

//a/b =Q

4

guery match position: p =2

[startElement( a )]
[startElement( b )]
[startElement( a )]
[endElement( a)]
[startElement( a )]

15



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

//a/b =Q

/< :\
(b, 4
é e @ \@ guery match position: p =2
e G [startElement( a )]
[startElement( b )]
[startElement( a )]
@ e [endElement( a )]

[startElement( a )]
[startElement( c )] push(2)
[endElement(c)] p=pop()=2

p=2=length(Q), thus, [startElement( b )]
current node is a match! T

- Mark it as match/result

> push(p) =QL2]

->p=1

16



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

oy
é\@
(c)
(o) (&)

//a/b =Q

=

guery match position: p=1

[startElement( a )]
[startElement( b )]
[startElement( a )]
[endElement( a)]

[startElement( a )]
[startElement( c )]
[endElement( c )]

[startElement( b )]

17



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

//a/b =Q

/< :\
(b) 4 2
é e @ \@ guery match position: p=1
e [startElement( a )]
[startElement( b )]
é) [startElement( a )]
° [endElement( a )]

[startElement( a )]

[startElement( c )]

[endElement( c )]

[startElement( b )]

[startElement( c )] push(1)
[endElement(c)] p=pop()=1
[startElement(a)] push(1)
[endElement(a)] p=pop()=1 18

=




1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

2
//a/b  =Q 1
A 2

guery match position: p =2

[startElement( a )]
[startElement( b )]
[startElement( a )]
° e [endElement( a)]

[startElement( a )]
[startElement( c )]
[endElement( c )]

[endElement(b)] p=pop() =2 [startElement( b )]
[startElement( c )] push(1)
[endElement(c)] p=pop()=1
[startElement(a)] push(1)
[endElement(a)] p=pop()=1 19



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

@\ //a/b  =Q | |
(b 4
é e @ \@ guery match position: p=1

e [startElement( a )]
[startElement( b )]

[startElement( a )]

G e [endElement( a )]

[startElement( a )]
[startElement( c )]
[endElement( c )]

[endElement(b)] p=pop()=2 [startElement( b )]

[endElement(a)] p=pop()=1 [startElement( c )] push(1)
[endElement(c)] p=pop()=1
[startElement( a)] push(l)
[endElement(a)] p=pop()=1 20



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

//a/b =Q

[startElement( a )]
[startElement( b )]
[startElement( a )]
G e [endElement( a)]
[startElement( a )]
[startElement( c )]
[endElement( c )]
2 [startElement( b )]
1 [startElement( c )] push(1)
2 [endElement(c)] p=pop()=1

[startElement( a)] push(l)
[endElement(a)] p=pop()=1

(2,
~N
(b, 4 |
e e @ \@ guery match position: p =2
(e

[endElement(b)] p =pop()
[endElement(a)] p =pop()
[endElement(b)] p =pop()

2 -

21



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

jo

//a/b  =Q
o A
é e @ guery match position: p =2
e [startElement( a )]
[startElement( b )]
[startElement( a )]
G e [endElement( a )]

[startElement( a )]
[startElement( c )]
[endElement( c )]
[endElement(b)] p=pop()=2 [startElement( b )]
[endElement(a)] p=pop()=1 [startElement( c )] push(1)
[endElement(b)] p=pop()=2 [endElement(c)] p=pop()=1
[startElement( b )] =» match [startElement(a)] push(1)
[endElement(a)] p=pop()=1 29



1. Top-Down Evaluation of Simple Paths

—> evaluate in one single pre-order traversal (using a stack)

N //a/b  =Q
é’ N\
e @ Linear time: O( #Nodes )
=0O(ID])

G e Size of document

Even: Streaming Algorithm! ©

=» NoO need to store the document!!
Can evaluate on SAX event stream.

But, to print result subtrees we need an output buffer ®

23



Path Query Evaluation
SAX-based path query evaluation (sketch):

© Preparation:

Represent path query //ti/t2/.../th—1/text () via the step array
path[0] = t1, path[1l] = ta, ..., path[n — 1] = text ().

Maintain an array index i = 0...n, the current step in the path.
Maintain a stack S of index positions.

@ [startDocument]
Empty stack S. We start with the first step.

© [startElement]
If the current step’s tag name path[i] and the reported tag name match, proceed
to next step. Otherwise make a failure transition'*. Remember how far we have
come already: push the current step / onto S.

Q [endElement]

The parser ascended to a parent element. Resume path traversal from where we
have left earlier: pop old / from S.

© [characters]
If the current step path[i] = text () we have found a match. Otherwise do
nothing.

o

Y“This “Knuth-Morris-Pratt failure function” fail[] is to be explained in the tutorial.

Marc H. Scholl (DBIS, Uni KN) XML and Databases Winter 2005 /06 97



1. Top-Down Evaluation of Simple Paths

—> evaluate using one single pre-order traversal! (using a stack)

//a/b/a/c

NOT equal. p=4

What to do next?

25



1. Top-Down Evaluation of Simple Paths

—> evaluate using one single pre-order traversal! (using a stack)

//fa/bfa/c

Postfix (ending) of what we have seen,
Is prefix (beginning) of the query!!

26



1. Top-Down Evaluation of Simple Paths

—> evaluate using one single pre-order traversal! (using a stack)

//fa/bfa/c

t

Jump to position 3 for next node!

@ \ Postfix (ending) of what we have seen,

Is prefix (beginning) of the query!!

27



1. Top-Down Evaluation of Simple Paths

—> evaluate using one single pre-order traversal! (using a stack)

/fa/bfa/c

t

Jump to position 3 for next node!

Postfix (ending) of what we have seen,
is prefix (beginning) of the query!!

Linear time
string
matching

“lump-back-table”: (preprocessing)
for each position in Q and fail (ing symbol), determine jump-back-position



2. Core XPath

Types
* Node Sets

- all 12 axes
* Booleans

- all node tests (but, here,
we will simply talk about element nodes only)

—> filters with logical operations: and, or, not

E.g. //descendant::a/child::b[ child::c/child::d or not(following::*) ]

Full XPath additionally has

- Node set comparisons & operations (e.g., =, count)
—> Order functions (first, last, position)
- Numerical operations (sum, +, -, *, div, mod, round, etc.)
and corresponding comparisons (=, !=, <, >, <=, >=)
—> String operations (contains, starts-with, translate, string-length, etc.)

29



2. Core XPath

Types
* Node Sets

- all 12 axes
* Booleans

- all node tests (but, here,
we will simply talk about element nodes only)

—> filters with logical operations: and, or, not

E.g. //descendant::a/child::b[ child::c/child::d or not(following::*) ]

Thus in Core XPath

- Select nodes only depending on labels.
No counting. No values.

30



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

Node Set represented as bit-field
1]2]3]4]5]6|7|8]9]10]11
Q ° 0]0|1/1|1|0|1|0[0[O |O

N\

° Q @ AXxis Evaluation

Maps a Node Set to a Node Set

Forward Axes: Backward Axes:
- self - parent
- child - ancestor
- descendant-or-self - ancestor-or-self
- descendant = preceding
- fTollowing - preceding-sibling
- Tollowing-sibling

S attribute reverse doc order
In doc order 31



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

Node Set represented as bit-field
1]2]3]4]5]6|7|8]9]10]11

QQ 0|0|2|2/1/0[2[0[0[O |0
N\
° Q @ Axis Evaluation
Maps a Node Set to a Node Set

Naive:
Node-Set={3,4,5,7}

| | /time linear in #Nodes
axis( Node-Set ) = axis(3) ~__time linear in #Nodes
U axis(4) time linear in #Nodes

at most / U axis(d) A‘;time linear in #Nodes
#Nodes U axis(7)

many

O( #Nodes #Nodes ) =quadratic time ®
32



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

9
9
9
9
9
9

In doc order

00

N\

() () (@)
(@)

Forward Axes:

self

child
descendant-or-self
descendant
following
following-sibling

Node Set represented as bit-field
1[2]3]4]5]6]7|8]9]10]|11
0]0]1]1]1]0]1]|0|0O]O |O

Axis Evaluation
Maps a Node Set to a Node Set

|

33



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

00

N\

() () (@)
(@)

Idea
- No node is visited >once!

Node Set represented as bit-field
1[2]3]4]5]6]7|8]9]10]|11
0]0|1]1]1]|0|1]0]0]O |O

Axis Evaluation
Maps a Node Set to a Node Set

|

34



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

Node Set represented as bit-field
1[2]3]4]5]6]7|8]9]10]|11

0 0]0|0[0[1|0]O]1|1|0 |O
AN

@ AXxis Evaluation

Maps a Node Set to a Node Set

|

Idea
- No node is visited >once!

e.g.. ancestor( {5, 8, 9})

look-up parents, check if we are
in result set already..

35



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

Node Set
1|2]3]4]5]6]7|8|9|10]11

/@\ 0|0[0|0|1[0[0|1[Z|0 |0
N 4
oloX JOloRORET:
112]314/5/6]7]89]10]11
Q -|1]2]2]2]2]6]6]1|9 [9
4

ldea
- No node is visited >once!

e.g.. ancestor( {5, 8, 9})

look-up parents, check if we are
in result set already..

36



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

e Node Set
1]2]3|4]5]6|7]8|9]10|11

0/0[0[0[1[0[0|L]1]0 |0
N 4
() (@) @ (e
(@)

@ parent
1]12|3]4/5]6]|7]8|9]10]11

-[112]2]2|2|6]6]1|9 |9

4

ldea

- No node is visited >once! Result Node Set

1]2/3/4[5/6]7|8]9]10[11
0|1/0/0[0[0]0|0|0|0 |0

e.g.. ancestor( {5, 8, 9})

look-up parents, check if we are After one parent look-up.
in result set already..



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

Node Set
1|2]3]4]5]6]7|8|9|10]11
0]0|0|0]1|0|0|1]1|0 |O

N 4
() (@) @ (c) (b) (a)  paren
1]2/3]415/6/7|8]9]10|11

-|112]2]2|2|6[6]1|9 |9

4

ldea

- No node is visited >once! Result Node Set

1]2/3/4[5/6]7|8]9]10[11
1]1|0[00]0|0|0[0[0 |0

e.g.. ancestor( {5, 8, 9})

look-up parents, check if we are After 2 parent look-ups.
in result set already..



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

o

N\

ldea
- No node is visited >once!

e.g.. ancestor( {5, 8, 9})

look-up parents, check if we are

in result set already..

(@)

Node Set
1|2]3]4]5]6]7|8|9|10]11
0]0|0|0]1|0|0|1]1|0 |O

4

parent
1]12|3]4/5]6]|7]8|9]10]11
-[112]2|2]2[6]6]1[9 |9

4

move to next node in Node Set

Result Node Set
1]12]3|4|5]6]7]8|9|10|11
1/1]0]0|0|0]0]0|0J0 |O

After 3 parent look-ups.
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Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

@

(@ (@ (@)

Idea
- No node is visited >once!

e.g.. ancestor( {5, 8, 9})

look-up parents, check if we are
in result set already..

Node Set
1]|213|4|5]6]7]8|9]10|11

0|0[0[0|1|0[0[L]1]0 |0

parent
1]12|3]4/5]6]|7]8|9]10]11

1112]2]2[26]6]1|9 |9

4

Result Node Set
1]12]3|4|5]6]7]8|9|10|11
1/1]0]0|0|1]|0]0O|0J0 |O

After 4 parent look-ups.

40



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

I Node Set
1]|213|4|5]6]7]8|9]10|11
0|0|0|0|1|0]0]1]1|0 |O
\ A
@ (@ (a) e
1]2|3|4]5]6]7]8|9]10]|11
Q -1112|2[2]2]6]6]1[9 |9
‘Se,\ 4

\ move to next node in
\ (65\)

! Node Set

Result Node Set
1]12]3|4|5]6]7]8|9|10|11
1/1]0]0|0|1]|0]0O|0J0 |O

ldea o\ee
- No node is visited >once!

e.g.. ancestor( {5, 8, 9})

look-up parents, check if we are After 5 parent look-ups.
in result set already..

41



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

Node Set
1|2|3]4]5]6]7|8|9|10]11
0]0|0|0]1|0|0|1]1|0 |O

parent
1/12|3]4|5[6[718[9]10|11  No next node
-[112]2[2|2]6]6[1]9 [9  in Node Set

\ready in result setl
a

> No node is visited >once! Result Node Set
1]|2]3]415]6|7|8(9]10]11

1]1|0[0|0|1|0[0[0[0 |0

e.g.. ancestor( {5, 8, 9})

look-up parents, check if we are After 6 parent look-ups.
in result set already.. + 5 result look-ups.

42



Axis Evaluation

Axis = Node Set (evaluated relative to context-node)

o Question
Similarly: ) do you see how this works for
For all other axes! e.g., descendant axis?

+backward axes?

Forward-axes only: > Recall:
binary (top-down) tree encoding to access parent / ancestors on
provides easy _ binary tree, keep dynamically
linear time evaluation! list of all ancestors.

ldea

- No node is visited >once! Result Node Set

1]2/3/4[5/6]7|8]9]10[11
1]1|0[0|0|1|0[0[0[0 |0

e.g.. ancestor( {5, 8, 9})

look-up parents, check if we are After 6 parent look-ups.
in result set already.. + 5 result look-ups.

43



AXIs Evaluation

Axis = Node Set (evaluated relative to context-node)

Question
do you see how this works for
e.g., descendant axis?

descendant( node ) = (first-child | next-sibling)* (first-child( node ))

descendant({ node_1, node 2, ...,node k}) =

—

—

S
repeat{
pick node N 1In S;
(for N’s descendants M In pre-order)
{
1T (not(M 1In result set))
add(M to result set) else break;

44



Example

descendant( node ) =

(first-child | next-sibling)* (first-child( node )) / \
Node Set
1|12|3]4|5|6]7]8]9|10 / l \ / \
1/0/0jojojojajojolo 3 10

t /\

descendant({1})=

(fc | ns)*(first-child( { 1})) = fc ns

(fc | ns)({2}) = 112112 |6

(214 2 13 ||3 |4
This example comes from
Georg Gottlob and Christoph Koch "XPath Query Processing". 7 8 7 10
Invited tutorial at DBPL 2003 8 9
http://www.dbai.tuwien.ac.at/research/xmlaskforce/xpath-tutoriall.ppt.gz
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Example

1
descendant( node ) = / \
(first-child | next-sibling)* (first-child( node )) / l \ / \

3 10

/\

descendant({1}) =

(fc | ns)*(first-child({ 1 })) = fc NS
(fc | ns)*({2}) = 112 )12 |6
(214 2 131|3 |4
6 |/ 4 |5
Result Node Set
1]2/3/4/5|6]7|8]9]10 /718 | |7 |10
0[1/00[0[0]0[0[0|0 3 |9
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Example

1
descendant( node ) = / \
(first-child | next-sibling)* (first-child( node )) / l \ / \

3 10

/\

descendant({1}) =

(fc | ns)*(first-child( { 1})) = fc ns
(fc | ns)*({2}) = 112 )12 |6
(214 2 13|13 |4
(3,6} + 617 |4 |5
Result Node Set
1]2[34/5(6(789]10 /7 18 |7 |10
0[1/1/0]0[1[0[0|0]0 3 |9
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Example

1
descendant( node ) = / \
(first-child | next-sibling)* (first-child( node )) / l \ / \

3 10

/\

descendant({1}) =

(fc | ns)*(first-child( { 1})) = fc ns
(fc | ns)*({2}) = 112 )12 |6
(214 2 13 11/3 |4
(3,6} + 617 |4 |5
Result Node Set
1]2[34/5(6(789]10 /7 18 |7 |10
0[1/1/0]0[1[0[0|0]0 3 |9
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Example

1
descendant( node ) = / \
(first-child | next-sibling)* (first-child( node )) / l \ / \

3 10

/\

descendant({1}) =

(fc | ns)*(first-child( { 1})) = fc ns
(fc [ ns)y({2}) = 112112 |6
(214 2 13113 (4
(36} 6 (7|4 |5
{ 4,7 } + Result Node Set
1)2]3]4/5/6/7|8]9]10 / |8 /7 |10
O[1|1[1[0|1[Z]0|O[O0 3 |9
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Example

1
descendant( node ) = / \
(first-child | next-sibling)* (first-child( node )) / l \ / \

3 10

/\

descendant({1}) =

(fc | ns)*(first-child( { 1})) = fc ns
(fc | ns)*({2}) = 112 )12 |6
(214 2 13 11/3 |4
(3,6)+ 617 |4 |5
14, 71+ Result Node Set
1]2[34/5(6(789]10 /7 18 |7 |10
O[1|1|1[0|1|1[0[0]O 3 |9
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Example

1
descendant( node ) = / \
(first-child | next-sibling)* (first-child( node )) / l \ / \

3 10

/\

descendant({1})=

(fc | ns)*(first-child({ 1})) = fc ns

(fc | ns)*({2}) = 112 )12 |6

[2}+ 213 11/3 |4

ol 6 7|4 |5

{4, 7} Result Node Set

15,8, 103+ 1]2]3]4]5|6/7]8]9]10 /7 (8 |7 |10
OIL[L[L[L]L]L|1[0]1 g |o
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Example

1
descendant( node ) = / \
(first-child | next-sibling)* (first-child( node )) / l \ / \

3 10

/\

descendant({1})=

(fc | ns)*(first-child({ 1})) = fc ns

(fc | ns)*({2}) = 112 )12 |6

[2}+ 213 11/3 |4

o 6 7|4 |5

{4, 7} Result Node Set

15,8, 103+ 1]2]3]4]5|6/7]8]9]10 /(8 |7 |10
OIL[L[L[L]L]L|1[0]1 g |o
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descendant( node ) =

(first-child | next-sibling)* (first-child( node ))

descendant({1}) =
(fc | ns)*(first-child({1})) =

(fc|ns)*({2}) =

Example .
/ \
e l \ / \

3 10

/\

fc ns
1 |2 2 |6
2 |3 3 |4
6 |7/ 4 |5
Result Node Set
1]2|3]4/5]6]7|89]10 / |8 /7 |10
O[1|21|1|21|1|1|2|2|L 3 |9
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descendant( node ) =

(first-child | next-sibling)* (first-child( node ))

descendant({1}) =
(fc | ns)*(first-child({1})) =

(fc|ns)*({2}) =

Example .
/ \
e l \ / \

3 10

/\

fc ns
1 |2 2 |6
2 |3 3 |4
6 |7/ 4 |5
Result Node Set
1]2|3]4/5]6]7|89]10 / |8 /7 |10
O[1|21|1|21|1|1|2|2|L g |9
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Core XPath

- all 12 axes

- all node tests (but, here,

Types
* Node Sets
* Booleans

we will simply talk about element nodes only)

—> filters with logical operations: and, or, not

E.g. //descendant::a/child::b[ child::c/child::d or not(following::*) ]

= For Core XPath we only need Node Set operations!!

o axis( Setl ) = Set2

e U( Setl, Set2 ) = Set3
e N( Setl, Set2 ) = Set3
o -( Setl, Set2) = Set3
 lab(a) = Setl

union of Setl and Set2
Intersection of Setl and Set2
everything in Setl but not in Set2

all nodes labeled by a
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3. Bottom-Up Evaluation of Core XPath

With respect to query-tree (parse tree)

NOT with respect to document tree!!

(algorithm f. simple paths is top-down wrt document tree)
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3. Bottom-Up Evaluation of Core XPath

Axis evaluation: O(#Nodes ) =0O( |D])

Node Set operation: O( |D])

\ Size of the

Document
Size of the

iQuery (= #steps)

linear time! ©

= For Core XPath we only need Node Set operations!!

o axis( Setl ) = Set2

e U( Setl, Set2 ) = Set3
—> ¢ N( Setl, Set2 ) = Set3
o -( Setl, Set2) = Set3
 lab(a) = Setl

for everything else (steps, filters)

used for or’s

/

union of Setl and Set2 used for not’s

intersection of Setl and Set2 ~
everything in Setl but not in Set2

all nodes labeled by a
™ for node tests
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//descendant::a/child::b[ child::c/child::d or not(following::*) ]

1:c \\_’ becomes

N

2:a 6:a 8:a N( descendant( {root} ), lab(a) )
I AN
3:b 7:b 9:b a>T<is contextTnodes node test
I
4:C lab(a) ={ 2, 6, 8}
| lab(b) ={3,7,9}
5:d lab(c) ={1, 4}
Document lab(d) ={5}

= For Core XPath we only need Node Set operations!!
used for or’s
e axis( Setl) = Set2 o
o U( Setl, Set2 ) = Set3  union of Setl and Set2 used for not’s
—*+N(Setl, Set2 ) = Set3  intersection of Setl and Set2 ~
o -(Setl, Set2) =Set3 everything in Setl but not in Set2

* [ab(a) = Setl all nodes labeled by a .
for node tests

for everything else (steps, filters) 58




//descendant::a/child::b[ child::c/child::d or not(following::*) ]

1:c \\_’ becomes

2;a/6:la\8;a N( descendant( {root} ), lab(a) ) ={ 2, 6, 8 }
N
3:b 7:b 9:b
A!:c lab(a) ={2, 6,8}
| lab(b) ={3,7,9}
5:d lab(c)={1,4}
Document lab(d) = {5}

= For Core XPath we only need Node Set operations!!
used for or’s

e axis( Setl ) = Set2 o

o U( Setl, Set2 ) = Set3  union of Setl and Set2 used for not’s
—*+N(Setl, Set2 ) = Set3  intersection of Setl and Set2 ~
o -(Setl, Set2) =Set3 everything in Setl but not in Set2

* [ab(a) = Setl all nodes labeled by a .
for node tests

for everything else (steps, filters) 59



//descendant::a/child::b[ child::c/child::d or not(following::*) ]

1:c \\_’ becomes 4  axis
/]\ N( child( . context-nodes

2-a 6:a 8a N( descendant( {root} ), lab(a) ) ={ 2, 6, 8 }),
| | ] lab(b)) = < node test
3:b 7:b 9:b N({3,7,9}{3,7,9D)={3,7,9}
J:c lab(a) ={ 2, 6,8}
| lab(b) ={3,7,9}
5:d lab(c) ={1, 4}
Document lab(d) = {5}
N
PN
ch|i|d lab(b)
N
N

descendant lab(a)

{ root }
60



//descendant::a/child::b[ child::c/child::d or not(following::*) ]

={3,7,9}
1lic v nodes x such that */c/d
/]\ Intersect e Jy: child(x,y) and yelab(c) and T
2:a 6:a 8:a Wwith 3z: child(y,z) and ze<lab(d)
| |
3|:b b 9b Bottom-Up (parse “right-branching”)
4:c :Zgggg - E g > S i Candidates for z: lab(d)
5|'d lab(c) = { 1’ 4’} Fory: parent(lab(d)) and labeled c
' v =N( lab(c), parent(lab(d)) )
Document lab(d) ={5} For x: parent(...)
N
PN
ch|i|d lab(b) par|ent
N N
PN PN
desce|ndant lab(a) lab(c) parent
{5}
{ root } |ab(d)

61



//descendant::a/child::b[ child::c/child::d or not(following::*) ]

={3,7,9}
1:c | ' nodes x such that */c/d
/]\ Intersect e Jy: child(x,y) and yelab(c) and T
2:a 6:a 8:a Wwith 3z: child(y,z) and ze<lab(d)
I
3|3b 7:b 9:b Bottom-Up (parse “right-branching”)
4:c :ZEE‘;’)‘; - E 29 Si Candidates for z: lab(d)
5|'d lab(c) = { 1’ 4’} Fory: parent(lab(d)) and labeled c
: St = N( lab(c), parent(lab(d)) )
Document lab(d) ={5} For x: parent( ... )
N
PN
ch|i|d lab(b) paﬁe”t
N N
N N {4}
desce|ndant lab(a) lab(c) parent
{5}
( root} lab(d)
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//descendant::a/child::b[ child::c/child::d or not(following::*) ]

={3,7,9)}
1:c v nodes x such that */c/d
/]\ Intersect e Jy: child(x,y) and yelab(c) and T
2:a 6:a 8:a Wwith 3z: child(y,z) and ze<lab(d)
|1
3|3b 7:b 9:b Bottom-Up (parse “right-branching”)
4:c :ZEE‘;’)‘; - E 29 Si Candidates for z: lab(d)
5|'d lab(c) = { 1’ 4’} Fory: parent(lab(d)) and labeled c
- | S = N( lab(c), parent(lab(d)) )
Document ab(d) ={5} For x: parent( ... )
N
PN
ch|i|d lab(b) paﬁe”t
N N
N {L4} 7\ {4}
desce|ndant lab(a) lab(c) parent
{5}
( root} lab(d)
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//descendant::a/child::b[ child::c/child::d or not(following::*) ]

={3,7,9}
1lic v nodes x such that */c/d
/]\ Intersect e Jy: child(x,y) and y<lab(c) and T
2:a 6:a 8:a Wwith 3z: child(y,z) and ze<lab(d)
| |
3|:b b 9b Bottom-Up (parse “right-branching”)
4:c :ZEE‘;’)‘; - E g > S i Candidates for z: lab(d)
5|'d lab(c) = { 1’ 4’} Fory: parent(lab(d)) and labeled c
' v =N( lab(c), parent(lab(d)) )
Document lab(d) ={5} For x: parent( ...) ={3}
N
PR {3}
ch|i|d lab(b) par|ent
K ~14}
N {14} 7 {4}
desce|ndant lab(a) lab(c) parent
{5}
{ root } |ab(d)
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//descendant::a/child::b[ child::c/child::d or not(following::*) ]

={3,7,9)
1:c v nodes x such that */following::*
/]\ intersect " not(Jy: following(x,y)) T
2:a 6:a 8:a Wwith
1 ’
3|.b 7:b 9:b Bottom-Up (parse “right-branching”)
4:c :ZEEE‘; z E :2)) g Si Candidates for x:
I_ TS -( dom, preceding( dom))
5.d lab(c) ={ 1,4} =-(dom, {2, ....,7})
Document lab(d) = {5} ={1,8 9 } o
dom={1,..,9} n
N
N {3} 1,8,9
ch|i|d lab(b) paﬁe”t /' {\ 8.9
A ﬂ{ 4} dom preceding
desce|ndant lab(a) lab(c) parent dom
{5}
(o0t} lab(d)
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//descendant::a/child::b[ child::c/child::d or not(following::*) ]

={3,7,9}
1:c i

intersect :
/I\ / becomes union!

2:a 6:a 8a Wwith

3:b 7:b 9:b
J:c lab(a) = {2, 6,8}
| lab(b) = {3, 7,9}
5:d lab(c) ={ 1,4}
Document lab(d) = {5}
dom={1, ...,9} 11.3,8,9)
U
PN {3} / \
child lab(b) parent - {1,8,9}
| 4 PR
N ﬂ{ J dom preceding
PR 11,4y 7N {4} |
descendant lab(a) lab(c) parent ;
| (5} om
{ root } lab(d)
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//descendant::a/child::b[ child::c/child::d or not(following::*) ]

~{3.7,9} ‘
1:c i \

intersect/ :

. |
5 6:a 8a with becomes union!
I B

3:b 7:b 9:b

I

4:c

I {3,9}

5:d N

Document \
{1,3,8,9}

{3,7,9}
/ﬂ\ / \

child lab(b) par|ent {1 8,9}
N { 43 dom preceding
PN {1,4} ~ \ {4} |
descendant lab(a) lab(c) parent
| (5 dom
{root } lab(d)
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/ldescendant::a/child::b[ child::c/child::d or not(following::*) ]

1:c
2:a 6:a 8:a
I
3:b 7:b 9:b
I
4:c
I {3,9}
5:d M
{1,3,8,9}
{3,7,9} U
N
child lab(b) parent - {1,8,9}
| 1) o
N N dom preceding
N 11,4}y 7 {4} |
descendant lab(a) lab(c) parent
| | dom
jab(d) * >}
{ root } ab(d)
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From

Georg Gottlob and Christoph Koch "XPath Query Processing".

Invited tutorial at DBPL 2003

http://www.dbai.tuwien.ac.at/research/xmlaskforce/xpath-tutoriall.ppt.gz

20—

Core Xpath qu

2003
1503
1005
sof

|IEG (native code, Windows)

Quadratic-time
evaluation

0 1x10“ 2x10“ 3x10“ 4x10“ 5x10“
(document size — number of “b” nodes)

ery (below, size 3. Size in experiment: 20)

a//b[ancestor::a//b[ancestor::.a//b[ancestor::a//b]]]
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Compare this to the top-down algorithm for simple queries //a/b/a/c

OB ;
:a N 6

4,6
. ' N
g;g child  lab(c)
4:b r|j
5a 3,5 N 1,3,5
6:C Ch|'|d lab(a) >8 set operations

A (cost approx |D|)
2,4,6 PR 2.4

child lab(b) VS
|
1-6 N 13s IDI( look-up
descendant lab(a) + child-access

| + stack/int-update )
1
{ root } © 70



Compare this to the top-down algorithm for simple queries //a/b/a/c

\
" Sveamable

()

()

Question

Can you extend the top-down look-up algorithm
from simple queries (//a/b/c...)
to all Core XPath queries?

>8 set operations
(cost approx |DJ)

How big are look-up tables (if you want to have VS

one look-up per node..)?
PP ) |D|( look-up

+ child-access
+ stack/int-update )

© 71

- Much faster than node-set based algorithm?



4. Polynomial Time Evaluation of Full XPath

All following slides are taken from
Georg Gottlob and Christoph Koch
Invited tutorial at DBPL 2003

http://www.dbai.tuwien.ac.at/research/xmlaskforce/xpath-tutoriall.ppt.gz

"XPath Query Processing".
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Contexts

XPath expressions are evaluated w.r.t. Contexts

context: <x, k, n>

N

node position size

These values specify a current “situation” in which a query or
subquery should be evaluated.
Determined by preceding XSL or Xpath computations.

Previously computed node-set M

This is the context information
<Ng,3,4> used for the further query evaluation
Starting at n. 73

Continuation of computation



Example of an Xpath query not in Core XPath

Sample document D:

<a> <b/> <c/> <h/> <c/> </a>

//\\

b, ¢ b, ©

Sample query Q:
child::b/following::*[position() > 2]
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Example of an Xpath query not in Core XPath

Sample document D:

<a> <b/> <c/> <h/> <c/> </a>

AN o

by ¢ b
b, <Cz,1 1>
Sample query Q:
child::b/following::*[position() > 2]

result node-sets S evaluated for each xe S, w.r.t context of x in S
75



&1 : Expression — nset U num U str U bool

Expr. E: Gperator Signature

Semantics 81 |§|ﬂ
Tocation step x::t : — nset

{{xo, ko, no, {x | xoxx, x €T(¥)}) | {0, ko,n0) € C}
location step Lle| over axis x: nset X bool — nset
{{zo, ko, no, {z € S| (=, idxx(x, 5), 5], true) € Et[e]})
| {0, ko, o, S) € & [E]I}

location path /7 : nset — nset
C x {5 | 3k, n : {root, k, n, S) € &1n]}
location path m1 /72 : nset X nset — nset
{{x,k,n,2) | 1<k < n<|dom|,

(xa kh ni, Y) € 81 [ﬂ'l]l?

U €Y {y, k2, n2,2) € & I_:Tl'z]l}
location path m I_#z : nset X nset — nset
81'11'1“ Ugllﬂ'z"
position() : — num
{{x,k,n, k) | (x,k,n) € C}
last() : — num
{(.’B, k: n, n) | (.’1'3, kan) € C}

E[Op(ers. .. em)] =
{& FlOp](v1, ..., vm)) | €€ C, (G v1) € Exed], ..,
(E: Um) egTIIBm]I}



Example: Formal Semantics of Xpath

Relational Operators

T
=0

HelOp @ nset x nset — ]Jl](]l_lz.“"ll..i“'lg;l
1 € S1.ne € Sa :strval(ng) RelOp strval(nag)

s—
-

F

J'ri'ln"H}Jl'-' ‘nEet ¥ onum — [Juu]] |:."".|J. |'I
v e S toammmber(strval(n)) RelOp

=
T
di

HelOp @ nset x str — bool[ (S, 5]
P E 85 !“:I_[I."n.-ll_il_l:_lli';l H'.r'l"fi'}u =

S

“J'r:.’r'ffi';.l - nset w bhool — ]mul_ IZ."'W'. f'rjl

ya

qh...:]c-un_[.‘ﬁ'j RelOp b

FqgOp @ bool > (str Unum U bool) — bool (6. ]

b EqOp Fboolean]{x)

ya

71

FqOp - num % (str Unum) — bool[ (v, x)
FqgOp Flnumber ()

F

l |

f*__'“rUJu s str = sl]'_— ]m..l_ |:}-ill_l-.;2;|
FagOp 50

T

F

i o (str Unnm L bool) =
(str U num U bool) — bool | {(rq, a2 )
number| (x1) GiOp F[uumber] (22)

I



Std. Semantics of Location Paths

Plx:tle1] - - [em]](2) :=
begin
S:i={y|zxy, ye T(t)};
for 1 < ¢ < m (in ascending order) do
S ={y e S| [e](y,idx,(y, S),|S|) = true};
return 5,
end,
P[mi|m2](2) := Pm](z) U P[m](z)
P[/w](z) := P[r](root)

P 7r1/7r2]|(3;) = UyEPI['u'l](a:) P[[ﬂ-2]|(y)

First formal semantics of a relevant fragment of XPath: Phil Wadler 1999
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Context-value Tables (CVT)

Four types of values (nset, num, str, bool)
Defined for each XPath expression e

The CVT of eis arelation R C C x (nset U num U str U bool)

79



Parse Tree of the Query

Query:
child::b/following::*[position() = last() and self::b]
N;: child::b/N,
N,: following::*[N]
Query Nj: Ngand Ns
Tree: / \
yN(S !Qz Ns: boolean(Ng)

Ne: position()  Ny: last() Ng: self::b

80



<a> <b/> <c/> <b/> <c/></a>

//\\

by ¢ by ¢
!
Ny
!
N>
!
N3
A/\A
N4: NG!: N7 N5
W !

Ne. position()| N7:last() Ng

81



<a> <b/> <c/> <b/> <c/></a>

by ¢ by G Ng: position()
cnn | cp CS | res
i ¢y | 1|3 ]1
N, o | 23| 2
i 2 | 3|33
N, o | 1|2 1
i c2 | 2|22
o | 111
N; :
N4: N6 1= N7 N5
o D i (In fact, this is only a relevant
Ng: position()| Ni:last() N subset of the full tables.)




<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ by ¢

N4: N6 1= N7 N5

Ne: position() | N7 last()| Ng

Ng: position()

cn | ¢p | ¢s | res
cir | 1|3 1
bo | 2 | 3| 2
co | 3131 3
bo | 1 ]2 1
co | 2|12 2
co | 1| 11| 1

Nr7: last()
cn | cp | cs | res
ci | 1 ]3] 3
Gt
bo| 2|13 3
Co 3 3 3
-
bo | 1] 2] 2
co | 22| 2
s
co | 1| 1|1

(In fact, this is only a relevant

subset of the full tables.)
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<a> <b/> <c/> <b/> <c/></a>

//\\

by ¢ by ¢
'
Ny
}
N>
;
N3
A/\A
N4: N6!: N7 N5
W }

Ne: position() N-:last() Ng

N4Z N({; = N7

cn | ¢p

CS

res

Ng: position()
cn | ¢p | cs | res
cir | 1|3 1
by | 2 | 3] 2
| 3133
bao | 1121
co | 2|2 2
co | 1 [ 1] 1

N7: last()

C1l

Cp | Cs | res

hQ
Co
hg
C9

Co

—_ N = W N =
N W W W
— DN Do W L W
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<a> <b/> <c/> <b/> <c/></a>

//\\

by ¢ by ¢
'
Ny
}
N>
;
N3
A/\A
N4: N6!: N7 N5
W }

Ne: position() N-:last() Ng

N4Z N({; '— N-

Cc1n

Cp | €S res

C1

1 3 | true

Ng: position() Nr: last()
cn | cp | ¢s | res cn | cp | ¢s | res
cp | 1|3 1 cp |1 3] 3
by | 2 | 3] 2 bo| 2 3] 3
co | 3| 3 3 co | 3] 3 3
bo | 1 2 1 bo | 1 | 2 2
co | 2 2 2 co | 2 | 2 2
co | 1 1 1 co | 1 |1 1
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<a> <b/> <c/> <b/> <c/></a>

//\\

by ¢ by ¢
'
Ny
}
N>
;
N3
4/\
N4: NG!: N7 N5
W }

Ne: position() N-:last() Ng

N4: Ng = Ny

cn | cp | ¢s | res

cit | 1 | 3 | true

bo | 2 | 3 | true
Ng: position() Nr: last()
cn | cp | ¢s | res cn | ¢p | ¢s | res
cp | 1|3 1 cp |1 3] 3
by | 2 | 3| 2 by | 2 131 3
co | 3131 3 co | 3131 3
ho | 1 12| 1 by | 1| 2] 2
co | 2 2 2 co | 2 | 2 2
co | 1| 1] 1 co | 1| 1|1
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<a> <b/> <c/> <b/> <c/></a>

//\\

by ¢ by ¢
'
Ny
}
N>
;
N3
4/\
N4: NG!: N7 N5
W }

Ne: position() N-:last() Ng

N4Z N({; '— N-
cn | cp | cs | res
cit | 1 | 3 | true
bo | 2 | 3 | true
co | 3 | 3 | false

Ng: position() Nr: last()
cn | cp | ¢s | res cn | cp | ¢s | res
cp | 1|3 1 cp |1 3] 3
by | 2 | 3] 2 bo| 2 3] 3
co | 3| 3 3 co | 3] 3 3
bo | 1 2 1 bo | 1 | 2 2
co | 2 2 2 co | 2 | 2 2
co | 1 1 1 co | 1 |1 1
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<a> <b/> <c/> <b/> <c/></a>

//\\

by ¢ by ¢
'
Ny
}
N>
;
N3
4/\
N4: NG!: N7 N5
W }

Ne: position() N-:last() Ng

N4Z N({; = N7
cn | cp | cs | res
cit | 1 | 3 | true
bo | 2 | 3 | true
Co 3 | 3 | false
bo | 1 | 2 | true

Ng: position()

Ny7: last()

cn | cp | cs | res cn | ¢p | ¢s | res
cp | 1|3 1 cp |1 3] 3
by | 2 | 3| 2 bo | 2 | 3| 3
co | 313 3 co | 313 3
bo | 1 1 2] 1 bo [ 1 | 2] 2
co | 2 2 2 co | 2 | 2 2
co | 1 1 1 co | 1 |1 1
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<a> <b/> <c/> <b/> <c/></a>

//\\

by ¢ by ¢
'
Ny
}
N>
;
N3
4/\
N4: NG!: N7 N5
W }

Ne: position() N-:last() Ng

N4Z N({; = N7
cn | cp | cs | res
cit | 1 | 3 | true
bo | 2 | 3 | true
co | 3 | 3 | false
bo | 1 | 2 | true
co | 2 | 2 | false

Ng: position()

Ny7: last()

cn | cp | cs | res cn | cp | ¢s | res
cp | 1|3 1 cp |1 3] 3
by | 2 | 3| 2 bo | 2 | 3| 3
co | 313 3 co | 313 3
bo | 1 2 1 bo | 1 | 2 2
co | 2 2 2 co | 2 | 2 2
co | 1 1 1 co | 1 |1 1
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

N4: N6 1= N7 N5

. !
Ne: position() N-:last() Ng

Ny: Ng 1= Ny
cn | cp | cs | res
cit | 1 | 3 | true
bo | 2 | 3 | true
co | 3 | 3 | false
bo | 1 | 2 | true
co | 2 | 2 | false
co | 1 | 1 | false

Ng: position()

Ny7: last()

cn | cp | cs | res cn | cp | ¢s | res
cp | 1|3 1 cp |1 3] 3
by | 2 | 3| 2 bo | 2 | 3| 3
co | 313 3 co | 313 3
bo | 1 2 1 bo | 1 | 2 2
co | 2 2 2 co | 2 | 2 2
co | 1 [ 1 1 co | 1 |1 1
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

N,
i Ng: self::b
N>
l CI cp CS res
614 1 3 :{ }
N3 bQ 2 3 { bg }
/\ | 3113 {}
N, Ns: boolean(Ng) bo | L |2 | b2}
N\ |22 {1
Neg N- Ng: self::b co | 1| 1] {}




<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ by ¢

Ns: boolean(Ng)

N, Ns: boolean(Ns)

N\ }

Ng: self::b

cn | cp | es | res
Ng: self::b
cn | ep | es | res
cp | 1|13 {}
bo | 2 | 3 | {bsa}
co | 313 {}
bo | 1 |2 | {ba}
o212 {}
co | T | 1| {}
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

N5: boolean(Ng)

N, Ns: boolean(Ns)

N\ }

Ng: self::b

cn | cp | ecs | res
cp | 1 | 3 | false
Ng: self::b
cn | cp | cs | res
cp | 1|13 {}
bo | 2 | 3 | {bsa}
co | 313 {}
bo | 1 |2 | {ba}
o212 {}
co | T | 1| {}
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

N5: boolean(Ng)

N, Ns: boolean(Ns)

N\ }

Ng: self::b

cn | cp | cs | res
cp | 1 | 3 | false
by | 2 3 | true
Ng: self::b
cn | cp | cs | res
ci | 113 {1}
bo | 2 | 3 | {bsa}
co | 313 {}
bo | 1 |2 | {ba}
o212 {}
co | T | 1| {}
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

N5: boolean(Ng)

N, Ns: boolean(Ns)

N\ }

Ng: self::b

cn | cp | cs | res
cp | 1 | 3 | false
bo | 2 | 3 | true
co | 3 | 3 | false
Ng: self::b
cn | cp | cs | res
cp | 1|13 {}
bo | 2 | 3 | {bsa}
co | 313 {}
bo | 1 |2 | {ba}
o212 {}
co | T | 1| {}
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

N5: boolean(Ng)

N, Ns: boolean(Ns)

N\ }

Ng: self::b

cn | cp | cs | res
cp | 1 | 3 | false
bo | 2 | 3 | true
9 3| 3 | false
bo | 1T | 2 | true
Ng: self::b
cn | cp | cs | res
cp | 1|13 {}
bo | 2 | 3 | {bsa}
co | 313 {}
bo | 1 |2 | {ba}
o212 {}
co | T | 1| {}
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

N5: boolean(Ng)

N, Ns: boolean(Ns)

N\ }

Ng: self::b

cn | cp | cs | res
cp | 1 | 3 | false
bo | 2 | 3 | true
co | 3 | 3 | false
bo | 1T | 2 | true
co | 2 | 2 | false
Ng: self::b
cn | cp | cs | res
cp | 1|13 {}
bo | 2 | 3 | {bsa}
co | 313 {}
bo | 1 |2 | {ba}
o212 {}
co [ 1T 1] {}
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<a> <b/> <c/> <b/> <c/></a>

//\\

by ¢ by G
!
N,
!
N>
!
N3
/\
N, Ns: boolean(Ns)
N\ !
Ng N- Ng: self::b

N5: boolean(Ng)

cn | cp | cs | res

cp | 1 | 3 | false
bo | 2 | 3 | true
co | 3 | 3 | false
bo | 1T | 2 | true
co | 2 | 2 | false
co | 1 | 1 | false

Ng: self::b
cn | cp | cs | res
cp | 1|3 {}
bo | 2 | 3| {ba}
co | 3 3 {}
bo | 1 |2 | {ba}
o212 {}
| co | T | 1| {} |
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ by ¢

!

N,

!

N

!

N3: Ny and N5

T

Ns: Ng!'=N;  Ns: bOOIGan(Ng)

N N- Ng

N3: Ny and Nj

Cc1l

cp

Cs

res

Ns: boolean(Ng)

cn | cp | ¢s | res cn | cp | es | res
ci | 1 | 3 | true cp | 1 | 3 | false
bo | 2 | 3 | true by | 2 | 3 | true
co | 3 | 3 | false co | 3 | 3 | false
bo | 1 | 2 | true bo | 1 | 2 | true
co | 2 | 2 | false co | 2 | 2 | false
cg | 1 | 1 | false co | 1 | 1 ] false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

!

N,

!

N

!

N3: Ny and N5

T

Ns: Ng!'=N;  Ns: bOOIGan(Ng)

N N- Ng

Nj3: Ny and N

Cc1l

cp

Cs

res

C1

1

false

Ny: Ng !I= N~ N5: boolean(Ng)
cn | cp | ¢s | res cn | cp | cs | res
ci | 1 | 3 | true cp | 1 | 3 | false
bo | 2 | 3 | true by | 2 | 3 | true
co | 3 | 3 | false co | 3 | 3 | false
bo | 1 | 2 | true bo | 1 | 2 | true
co | 2 | 2 | false co | 2 | 2 | false
cg | 1 | 1 | false co | 1 | 1 ] false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

!

N,

!

N

!

N3: Ny and N5

T

Ns: Ng!'=N;  Ns: bOOIGan(Ng)

N N- Ng

Nj3: Ny and N

cn | cp | ¢s | res
cp | 1 | 3 | false
bo | 2 | 3 | true

Ny: Ng !I= N~ N5: boolean(Ng)
cn | cp | ¢s | res cn | cp | cs | res
ci | 1 | 3 | true cp | 1 | 3 | false
bo | 2 | 3 | true by | 2 | 3 | true
co | 3 | 3 | false co | 3 | 3 | false
bo | 1 | 2 | true bo | 1 | 2 | true
co | 2 | 2 | false co | 2 | 2 | false
cg | 1 | 1 | false co | 1 | 1 ] false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

!

N,

!

N

!

N3: Ny and N5

T

Ns: Ng!'=N;  Ns: bOOIGan(Ng)

N N- Ng

Nj3: Ny and N

cn | cp | cs | res
cp | 1 | 3 | false
bo | 2 | 3 | true
co | 3 | 3 | false

Ny: Ng !I= N~ N5: boolean(Ng)
cn | cp | ¢s | res cn | cp | cs | res
ci | 1 | 3 | true cp | 1 | 3 | false
bo [ 2 | 3 [ true bo | 2 [ 3 | true
co | 3 | 3 | false co | 3 | 3 | false
bo | 1 | 2 | true bo | 1 | 2 | true
co | 2 | 2 | false co | 2 | 2 | false
cg | 1 | 1 | false co | 1 | 1 ] false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

!

N,

!

N

!

N3: Ny and N5

T

Ns: Ng!'=N;  Ns: bOOIGan(Ng)

N N- Ng

Nj3: Ny and N

cn | cp | ¢s | res
cp | 1 | 3 | false
bo | 2 | 3 | true
co | 3 | 3 | false
bao | 1 | 2 | true

Ny: Ng !I= N~ N5: boolean(Ng)
cn | cp | ¢s | res cn | cp | cs | res
ci | 1 | 3 | true cp | 1 | 3 | false
bo | 2 | 3 | true by | 2 | 3 | true
co | 3 | 3 | false co | 3 | 3 | false
bo | 1 | 2 | true bo | 1 | 2 | true
co | 2 | 2 | false co | 2 | 2 | false
cg | 1 | 1 | false co | 1 | 1 ] false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ b, ¢

!

N,

!

N

!

N3: Ny and N5

T

Ns: Ng!'=N;  Ns: bOOIGan(Ng)

N N- Ng

Nj3: Ny and N

cn | cp | cs | res

cp | 1 | 3 | false
bo | 2 | 3 | true
co | 3 | 3 | false
bao | 1 | 2 | true
co | 2 | 2 | false

Ny: Ng !I= N~ N5: boolean(Ng)
cn | cp | ¢s | res cn | cp | cs | res
ci | 1 | 3 | true cp | 1 | 3 | false
bo | 2 | 3 | true by | 2 | 3 | true
co | 3 | 3 | false co | 3 | 3 | false
by [ 1 | 2 | true bho | 1 [ 2 [ true
co | 2 | 2 | false co | 2 | 2 | false
cg | 1 | 1 | false co | 1 | 1 ] false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ by ¢

!

N,

!

N

!

N3: Ny and N5

T

Ns: Ng!'=N;  Ns: bOOIGan(Ng)

N N- Ng

N3: Ny and Nj

cn | cp | cs | res

cp | 1 | 3 | false

bo | 2 | 3 | true

co | 3 | 3 | false

bo | 1 | 2 | true

co | 2 | 2 | false

co | 1 | 1 | false
Ny: Ng !I= N~ Ns: boolean(Ng)
cn | cp | cs | res cn | cp | es | res
ci | 1 | 3 | true cp | 1 | 3 | false
bo | 2 | 3 | true by | 2 | 3 | true
co | 3 | 3 | false co | 3 | 3 | false
bo | 1 | 2 | true bo | 1 | 2 | true
co | 2 | 2 | false co | 2 | 2 | false
co | 1 | 1 | false co | 1 | 1 | false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ by ¢

!

N;: child::b/N,

N,: following::*[Ns]

v

N3: Ny and N5

N Ns

N

N N Ng

Na: following::*[N3] Nj3: Ny and N

cn | cp | cs res cn | cp | cs | res
cp | 1 | 3 | false
bo | 2 | 3 | true
co | 3 | 3 | false
bo | 1 | 2 | true
co | 2 | 2 | false
co | 1 | 1 | false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ by ¢

!

N;: child::b/N,

N,: following::*[Ns]

v

N3: Ny and N5

N Ns

N

N N Ng

Na: following::*[N3] Nj3: Ny and N

cn | cp | cs res cn | cp | cs | res

a {} cp | 1| 3 | false
bo | 2 | 3 | true
co | 3 | 3 | false
bo | 1 | 2 | true
co | 2 | 2 | false
co | 1 | 1 | false
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<a> <b/> <c/> <b/> <c/></a>

AN

b |ci by c;

!

N;: child::b/N,

N,: following::*[Ns]

v

N3: Ny and N5

N Ns

N

N N Ng

Na: following::*[N3]

Nj3: Ny and N

CIl | CP | CS res
{)
}.)1 { hQ }

cn | cp | ¢s | res
ci [ |1 | 3 | false
by [ |12 | 3 | true
co |13 | 3 | false
bao | 1 | 2 | true
co | 2 | 2 | false
co | 1 [ 1 | false
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<a> <b/> <c/> <b/> <c/></a>

/j\\

b, b, c;

!

N;: child::b/N,

N,: following::*[Ns]

v

N3: Ny and Ns

N Ns

N

N N Ng

Na: following::*[N3]

Nj3: Ny and N

cn | cp | es | res cn | cp | es | res
a {} cp | 1| 3 | false
by {by} by | 2 | 3| true
1 {bhy} co | 3 | 3 | false
bo | |1 | 2 | true
co [ |2 | 2 | false
co | 1 | 1 | false
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<a> <b/> <c/> <b/> <c/></a>

A

b, ¢ by|c

!

N;: child::b/N,

N,: following::*[Ns]

v

N3: Ny and N5

N Ns

N

N N Ng

Na: following::*[N3] Nj3: Ny and N
cn | cp | cs | res cn | cp | s | res
a {} cp | 1| 3 | false
by {by} by | 2 | 3| true
1 {bhy} co | 3 | 3 | false
bo {} bo | 1 | 2 | true
co | 2 | 2 | false
co | |1 | 1 | false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ by ¢

!

N;: child::b/N,

N,: following::*[Ns]

v

N3: Ny and N5

N Ns

N

N N Ng

Na: following::*[N3] N3: Ny and Ny
cn | cp | cs | res cn | cp | cs | res
a {} cp | 1| 3 | false
by {bhy} by | 2 | 3 | true
1 {bhy} co | 3| 3 | false
b {} by | 1 | 2 | true
Co {} co | 2 | 2 | false
co | 1 | 1 | false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ by ¢

N;: child::b/N,

v

N,: following::*[N3]

N3: Ny and N5

N Ns

N

N N Ng

Nj: child::h/Ng
cn | cp | es | res
Na: following::*[N3] Nj3: Ny and Ny

cn | cp | es | res cn | cp | es | res
a {} cp | 1| 3 | false
by {bhy} by | 2 | 3 | true
1 {bhy} co | 3| 3 | false
b {} by | 1 | 2 | true
Co {} co | 2 | 2 | false
co | 1 | 1 | false
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<a> <b/> <c/> <b/> <c/></a>
AN
1l ¢ by €

N;: child::b/N,

v

N,: following::*[N3]

b

2

N3: Ny and N5

N Ns

N

N N Ng

Nj: child::h/Ng

cn

cp

CS

res

a

{ })2 }

Na: following::*[Na]

Nj3: Ny and N

cn | cp | es | res cn | cp | cs | res
a {} cp | 1| 3 | false
by {by} by | 2 | 3 | true
1 {by} co | 3 | 3 | false
b {} by | 1 | 2 | true
Co {} co | 2 | 2 | false

co | 1 1 | false
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<a> <b/> <c/> <b/> <c/></a>

//\\

b, ¢ by ¢

N;: child::b/N,

v

N,: following::*[N3]

N3: Ny and N5

N Ns

N

N N Ng

Nj: child::h/Ng

cn | cp | es | res

a {ba}

by {}

C1 {}

b2 {}

Co {}
Na: following::*[N3] Nj3: Ny and Ny
cn | cp | cs | res cn | cp | es | res
a {} cp | 1| 3 | false
by {bhy} by | 2 | 3 | true
1 {bhy} co | 3| 3 | false
bo {} bo | 1 | 2 | true
Co {} co | 2 | 2 | false
co | 1 | 1 | false
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Context-Value Table Principle

if CVT for each operation Op(e,,...,€,) can be
computed in polynomial time given the CVTs
for sub-expressions e, ,..., e

then CVT of overall query can be computed (bottom-
up) in polynomial time.
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Ime and Space Bounds

Bottom-up evaluation based on CVT:
— Time O(|datal> * |query|?), Space O(|datal** |query|?).

Space bound (n ... number of nodes in input document.):
« Contexts are at most triples: at most n3 contexts.
* Sizes of values:

— Node sets: at most O(n)

— Strings, numbers: at most O( |datal* [query|) — (iterated concatenation of
strings, multiplication of numbers)

= Each CVT is of size (|datal* * |query|).

Need to compute a CVT for each query node and each input node
= (|datal| * |query]) (|datal* * |query])

Time bound: most expensive computation is O(n?) — Relational operation
“=" on node sets (e.g. a/b//c[d//eltlg = hlill}])
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Efficiency of the PTIME Algorithm

Time Complexity O(|D > *|Q [*)

Space Complexity O(|D|* *|Q %)

In practice, most queries run in quadratic time
This is for main-memory implementations.

Adaptation to secondary storage algorithms with
PTIME complexity is easy (but with worse bounds
than the ones given above).
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Alternative Context Representation

» Contexts represented as
(“previous context node”, “current context node”)
rather than
(“context node”, “position”, “size”).

* Need to recompute “position” and “size” on demand.

/la/b[position() + 1 = size()] ‘/OC\‘
child::b ... { (1,2), (1,3), (1,4), (5,6), (5,7) } la o:a
child::b[position()+1=size()] ... { (1,3), (5,6) } 2:b 3'b 4'b 6'b 7°b

« Complexity lowered to time O(|datal* * |query|?), space O(|datal® * |query|?).
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Context Simplification Technique

Only materialize relevant context.

Core Xpath evaluation algorithm for outermost and innermost
paths //a/b/c//d[...]/e[...(a/blc)].

Treating “position” and “size” in a loop.
. Because of tree shape of query, loops never have to be nested.

/Ch”diibkf] (cn,cp, cs) - loop

descendant::a

(cn)

position() = count()

child::b[...] is true
(cn,cp, cs) - loop
position() +1 = last()

child::b ]\ Compute node set for which
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Linear Space Fragment

“Wadler Fragment” [Wadler, 1999]. Core Xpath + position(),
last(), and arithmetics.

Evaluation in quadratic time and linear space.

(cn,cp,cs) (cn,cp,cs)
| |
/la/b[position() * 2 = last() anch/d[position()*S = Iast()]][//e
(cn) (cn)‘ (cn)
(cn)

For x in [[//a]] compute contexts (y,p,n) in X.[[b]]

Compute Y ={vy | (y,p,n) € x.[[b]] and p*2=n }.
Similarly, compute Z = { z | z.[[ d[position()*3 = last()] ]] is true}.
Compute X ={x|z € Z, x € z[[ child::c ]]* } = in linear time.
Resultis{w]|v e XnNY,we v.[[descendant::e]] }.
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Summary

Full XPath
« Bottom-up algorithm based on CVT

— Time O(|datal> * [query|?), space O(|datal* * |query]|?).
 Top-down evaluation

— Time O(|datal* * |query|?), space O(|datal® * |query|?).
« Context-reduction technique

— Time O(|datal* * [query|?), space O(|datal|? * |[query]|?).

Wadler fragment
— Time O(|datal? * |[query]|?), space O(|data| * |query|).

Core Xpath
— Time and space O(|data| * |query]).
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END
Lecture 7/



