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Cardinality Estimation for XQuery

The feature-richness and semantics of the language make
cardinality estimation for XQuery notoriously hard.

for $d in doc ("forecast.xml")/descendant: :day
let $day := $d/0t
let $ppcp := data ($d/descendant: :ppcp)
return
if ($ppcp > 50)
then ("rain likely on", $day,
"chance of precipitation:", $ppcp)
else ("no rain on", $day)

» for iteration > sequence construction
» conditionals (if-then-else) » ...
» existential quantification (XPath is not a focus of this work.)
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Cardinality Estimation for XQuery

The feature-richness and semantics of the language make
cardinality estimation for XQuery notoriously hard.

for $d in‘doc("forecas,t.xml")/descendant::day‘mm’1

let $day
let $ppcp
return

=2

1= $d/et
:= data ($d/descendant: : ppcp)

if ($ppcp > 50)

then

("rain likely on", $day,
"chance of precipitation:", $ppcp)

else

"no rain on", $day) |card,=?

card, =?
cgrd; =?

» for iteration

» existential quantification

> sequence construction
» conditionals (if-then-else) » ...

(XPath is not a focus of this work.)

— Goal: Compute subexpression-level cardinalities card;.

Systems

Group — Department of Computer Science — ETH Zlirich




Idea: Perform cardinality estimation on relational plan
equivalents for XQuery.

relational cardinality estimation (System R)
existing work on XPath estimation
histograms for value predicates

+ +

cardinality estimation for XQuery

» Build on Pathfinder’s XQuery-to-relational algebra compiler.’
— tuple count = XQuery item count
» Cardinality information for each subexpression.

'http://www.pathfinder-xquery.org/
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http://www.pathfinder-xquery.org/

Titer:outer,pos:post,item

|
post: (ord, pos) || outer
|

Exam ple (Plan details not of interest today.) ® /M,,e,,,w,

@ jter, pos:post, item
for $d in‘doc ("forecast.xml")/descendant: :day ‘ Titer, pos:post, item qush(ard‘.pos)HrtEr
let $day := $d/0t epgﬂ,w.),pmwe, /L‘J
let $ppcp := data ($d/descendant: :ppcp) b iter posi ord, \U
return 2

Titer,pos ,item ,ord:2 0]
P -

: Wrger,pom,a!d'h
item:"no rain. .. Titer, posn,ord:3,
if ($ppcp > 50) ©) fepeorts, |
then |("rain likely on", $day, Titer positem,ord:2 Titer pos.item,ord:4.
" 54 g ® ! :
Challce Of I’I-eClI)l.ta‘t ion: 2 $Ppcp) W jter=iter M jter=iter W jter=iter1
else [("no rain on", $day) |(4) \

5
|
Titer
Ores
!
Ovres:(item, item)
|

» Pathfinder compiles XQuery
with arbitrary nesting.

W jter=iter Titerr:iter,

— positen

Titertiter, pos, item

Titerr.iter,
post:1,item1:50 $r‘!em
-
Titer Cpos: (item) ||iter

item:attribute: : t(item) item:descendant : :ppep(item)

Opos: item) ||iter

» Maintain correspondence to
original query if back-end is

Tinner, outer:iter,
Titerinner,item ;

‘ . ord:pos

not relational. e s o
. . @pos: (item) ||iter
» Derive estimates based on an lremtoscondoass aay(item)

H |
inference rule set. docten

Titer,item:"forecast . xml"
|

Em



Relational XQuery Cardinality Estimation
Apply System R-style estimation to relational XQuery plans, e.g.,

Disjoint union: Cartesian product:
U 2| = || + (42| g % qa| = || - |g2]
Equi-join:
( FARA if there are indexes on

max {|al, . [blige} DOth join columns,

g X g,| = |3l - 92| if there is only an index
a=b algy on column g,

\ |gh] - 19| - /o otherwise

|c|,4x: Number of unique values in index on column c.
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Relational XQuery Cardinality Estimation
Apply System R-style estimation to relational XQuery plans, e.g.,

Disjoint union: Cartesian product:
|1 U G2 = |oa| + |92 g X g2 = |an] - |92 ]
Equi-join:
( 19| - 192 if there are indexes on

max {|al, . [blige} DOth join columns,

g X g,| = |3l - 92| if there is only an index
a=b algy on column g,

\ |gh] - 19| - /o otherwise

» Our joins typically operate over computed relations.

|c|,4x: Number of unique values in index on column c.
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Abstract Domain Identifiers

A simple form of data flow analysis provides the information
needed.

» Introduce abstract domain identifiers «, /3, ... as placeholders
for the active runtime domain for each column c.
(Read c® as “column c contains values from domain «.”)

» Estimate the size ||a|| of each domain ¢, e.g.,

dom (0a:(s,..br) (@) 2 dom (q) U {a* A [l =" [ql} -

» Identify inclusion relationships o C 3 between domains, e.g.,

a® € dom(q) Aa® e dom(o..(q)) = BC o .




Abstract Domain Identifiers
Use abstract domain information for cardinality estimation.

E.g., “foreign key” join:

a® e dom(q;) b’ ecdom(q,) aCp

9] - 19|
X =
|q1a: q2| ”/BH

b

» Domain inclusion guarantees that each tuple in g, finds
(at least one) join partnerin g,.

Other examples:
> |0\ %2 = || — |92|  if g isasubset of g..
> [\ g.] =0 if g, is a subset of g,.
> g\ G2| = |qu| if g, and g, are disjoint.
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Interfacing with XPath—Projection Paths
Track XPath navigation by means of projection paths3

l‘ﬂc:child: :x(b)

» b=P ¢ path (q1) = C:>p/chi1d::* e path (qz)

» Step operator ] makes XPath navigation explicit in relational
plans (compiles to join on SOL back-ends).

3A. Marian and J. Siméon. Projecting XML Documents. VLDB 2003.
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Cardinality:

fn:count (p/child: :*)

92| = |l n:count (p) = || - Prenita: .+ (p)
————
fanout (here: 4/3)
Domain Sizes:

fn: (p [child::*])
lo’ll = lloll - == ey = lloll- Pricnina:a (p)
—
selectivity (here: 2/3)

Any XPath estimator that provides Pry, (p;) and Prip,3 (p1) will do.
» Our prototype uses a simple Data Guide-based implementation.
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Titer:outer, pos:post, item

post: (ord, pos) || outer
|

Back to our Example Plan ® g
u/

Titer, postpost, item

T
Cres: (item,item1)

Teiter, pos:post,item Cpost: (ord, pos) | iter
post: (ord, pos) ||iter

N jterr=iter

Titer,pos,item ,ord:2 [U)
P _

Titer,pos:1,ordt
itemn:"chance..

Titerriter,
posi:1,item1:50 @item

Titer,pos.item,ord:4
|
X iteri
Titer Opos: (item) || iter e
Iﬂitem:descendant : :ppep(item)
\

Titer:inner,item

Oves:(item, item)
[

X jteri=iter Titerriter.
pos item

. Titerriter, ®
; - posti1, itemi:50 item

pos: (item) | iter # |

Titer Qpos: (item) || iter

&, &, -

Tinner outer:iter.
Tjter:i 7 ] o
iterinner,item ord:pos

Cinner (iter,pos)
@ Opos: (item ||iter

item:descendant : :day(item)
|

docitem

#2,: Retrieve typed values for node identifiers R ——
. . . |
in column a (atomization).




Titer:outer,pos:post,item

|
post: (ord, pos) || outer
|

Back to our Example Plan © i
u/

Titer, postpost, item

post: ord, pos) | iter

T
Teiter, pos:post,item

Ores: (item,itemn)

@post: (ord, pos) Hl:f _u ~
! iter,pos:, ord:1, .
e iteriveata. . s

W jter1=iter
iter, pos item ,ord:2 -
-

Titer, pos
. . " in..."| i B B
71—lteﬂ:mer, @ (ritno zain }52#’-?5;;52'1'?: o
item r,pos, item ,ord:2 | Titer, pos, item, ord:4
I |

posi:1,item1:50

Opos: (item) ||iter

Titer Projection path:

item:.../descendant: “PPCP path (Fﬂ(q»

Iﬂitem:descendant : :ppep(item)

\
Cardinality (uses fanout):

|I‘Lr|item:ax: :nt(item)(q)l = |q| “Prax: :nt ( o )

Titer:inner,item

|
docitem

Titer,item:"forecast .xnl"
|

#2,: Retrieve typed values for node identifiers
in column a (atomization).
[1]



Back to our Example Plan

-

7r/‘ten:/'ter,
posi:1,item1:50

Titer

\
-

®res:(item,item1)

N jterr=iter

@ i‘tem

Qpos: (item) ||iter

Titer:inner,item < [ter™
|

N

. ’
iter®

ditem:descendant: :ppep(item)

#2,: Retrieve typed values for node identifiers

in column a (atomization).

Titer:outer,pos:post,item
|

©post: (ord, pos) ||outer
|

@ ™ jter=inner
/

U]

Titer, posipost,item
i
Titer, pos:pos1,item @post: (ord, pos) ||iter
! |
Opost: (ord, pos) | iter U]
! -
I Titer pos,orde, AN X

Y, item:"rain..." Y

Titer,pos ,item ,ord:2 0]

Titer,pos:1,ord:1, P -~

item:"no rain. .. Titer,pos:,ord:3,
item:"chance. . ."

Titer,pos,item,ord:2

Titer,pos.item,ord:4

Projection path:
Iu[_e,,},7=>.u/descendant::pp(:pe path (Iﬂ (q))

Cardinality (uses fanout):
}lﬂitem:ax: :nt(item)(Q)| = |Q| “Prax: :nt ( e )

Domgin inclusion:
iter® € dom (£11..(q)); o/ C «

Domain size (uses step selectivity):
o'l = llell - Preax: .oty (- -)

l
docitem
|
Titer,item:"forecast . xul"
|
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Back to our Example Plan

Ve T
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#2,: Retrieve typed values for node identifiers

in column a (atomization).

Titer:outer,pos:post, item
|
post: (ord.‘pos) louter
™ jter=inner
o —
Titer,posiposi, item
[
Wrrenposv‘posx,/rem qush(ard‘.pos) [liter
“Foreign key” join:
_ lal-lge| i /
X since o' C «
}q iteri= /terq | el ( C o)
S0 NG
Projection path:
I'tem=>.u/descendant: :PpPCp c path (Iﬂ(q))

‘ e pus e orug,

Cardinality (uses fanout):
}lﬂitem:ax: :nt(item)(Q)| = |Q| “Prax: :nt ( e )

Domgin inclusion:
iter® € dom (£11..(q)); o/ C «
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Titer:outer,pos:post,item

Back to our Example Plan @404 "

™ jter=inner

/
cards: 3540 /u\ ® N card,: 564
Titer, postpost, item
- T ~ . ® f I
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Forecasting New Zealand’s Weather

The obtained cardinalities can be mapped back to predict item
counts for corresponding XQuery expressions:4

for $d in ‘doc ("forecast.xml")/descendant: :day‘ca"d1 =990/990

let $day := $d/0t

let $ppcp := data ($d/descendant: :ppcp)

return

if ($ppcp > 50) card, = 4104/3402
then |("rain likely on", $day, grd; = 3540/2370

"chance of precipitation:", $ppcp)

else [("no rain on", $day) |card, =564/1032

o

» Value statistics based on histograms (,* paper)

» Inaccuracy is mainly due to correlations in the data.
» Rain in the morning likely means rain in the afternoon, too.

“estimated/observed, based on data taken for New Zealand two weeks ago.
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>

More Realistic Queries: W3C XQuery Use Cases

0.01 0.1 1 10
Prototype implementation XMP Q4 ° o «®QO
based on Pathfinder XMP Q3 ®©
XMP Q6 ®»o o @ ®
For each subexpression: XMP Q8 O o em
XMP Qg o @
estimated cardinality XMP Q1o %Q
: P XMP Q11 o o
observed cardinality SGMLO3 =
. L SGML Q4 o o) o o ®
Dlam(‘alter mdmates data SGML O8a ® ®
point “stacking SGML O8b ® ®
' . R Q2 @ @
Plan root: filled circle R 03 O O®
R Q10 o oo @: O
. " N . R On o 00®
Applicable to “real” queries RO13
. . R Q14 0O
Recovery from intermediate R 015 5o S
mis-estimations R Q17 00
> e.g., existential semantics 0.01 0.1 1 10

estimated cardi"""“t)//observed cardinality
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Wrap-Up

Cardinality estimation framework for XQuery

v

v

Subexpression-level estimates for arbitrary XQuery expressions

v

Based on Pathfinder’'s XQuery-to-relational algebra compiler

relational cardinality estimation (System R)
existing work on XPath estimation
histograms for value predicates

+ +

cardinality estimation for XQuery

v

High-quality estimates for realistic XQuery workloads
» Robust with respect to intermediate errors

v

Pluggable and extensible
» e.g., XPath estimation subsystem, positional predicates
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