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XQuery (XMark Q8)
let $a := doc("XMark-110mb.xml")
return 
    … 
  <item person="{ $p/name/text() }"> 
   { count($ca) } 
  </item>
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SQL:1999 (no SQL/XML)
WITH 
  t0000 (iter,pre) AS 
    SELECT … FROM … WHERE …
  t0001 (iter) AS
    SELECT … FROM … WHERE …

SELECT   pre,size,kind,… 
FROM     … 
WHERE    … 
ORDER BY …

Pathfinder

XQ
uery
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Relational Encoding of Result

pre size kind …

5072509 2 1
5072510 0 2
5072511 0 3
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Serialized XML Text
<?xml version="1.0" encoding="UTF-8"?>
<XQuery>
  <item person=”Jixiang …”>0</item>
  <item person=”Harpreet …”>0</item>
  …
</XQuery>

Pathfinder

XQ
uery

SQ
L

DB2®

SQL Reference Volume 1 

DB2 Version 9 

for Linux, UNIX, and Windows 

SC10-4249-00  
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Table Access Modes
• Relational query engines derive much of their efficiency 

from the simplicity of the table of tuples model.

1. Sequential scans:
read-ahead on disks, 
prefetching CPU caches.

2. Index-based access:
B-Trees, range scans.

• But: We will benefit only if we actually operate the
relational database in this bulk-oriented mode. 

8
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FP-Style Iteration
• The XQuery for..in..return construct performs 

side-effect free iteration:

• Individual iterations cannot interfere and may be 
evaluated in any order (or in parallel).

10

for $x in (e1,..,en)
return b

≡
( b[e1/$x],..,b[en/$x] )
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Relational 
XQuery Optimization

• We use concepts in the relational domain to analyze 
plans and to steer simplification and optimization.

• Detect join-like XQuery expressions. Let XQuery’s 
syntactic diversity not affect the detection:

• For both queries, the value-based XQuery join surfaces 
as a multi-valued dependency in the algebraic plans.

16

let $d := fn:doc(⋯)
return $d//b[@c = $d//a/@c]
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SERIALIZE

FRAG_UNION

¶ (iter:outer, pos:pos1, item)

EMPTY_FRAG

FRAGs

ROW# (pos1:<sort, pos>/outer)

ELEM (iter, item:<iter, item><iter, pos, item>)

FRAG_UNION

ELEM_TAG

FRAG_UNION

FRAGs

@ (item), val: item

¶ (iter, pos:pos1, item)

FRAGs

TEXT (res:<cast>)

ATTR (res:<item, item1>)

|X| (iter = iter1)

@ (item), val: person

¶ (iter1:iter, item1:item)

@ (pos), val: #1

@ (pos), val: #1

¶ (iter)

@ (pos), val: #1

¶ (iter:inner, item)

NUMBER (inner)

ROW# (pos:<item>/iter)

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| child::element person { item* } (iter, item)

FRAG_UNION

¶ (iter, item)

FRAGs

ROW# (pos:<item>/iter)

DOC

@ (item), val: "auctionG.xml"

¶ (iter)

@ (pos), val: #1

TBL: (iter)
[#1]

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| child::element people { item* } (iter, item)

¶ (iter, item)

ROW# (pos:<item>/iter)

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| child::element site { item* } (iter, item)

¶ (iter, item)

@ (pos), val: #1

ROOTS

fn:string_join

¶ (iter:outer, pos:pos1, item)

@ (item), val: " "

ROW# (pos1:<sort, pos>/outer)

¶ (iter)

|X| (iter = inner)

¶ (iter, pos, item:res)

¶ (outer:iter, sort:pos, inner)access textnode content (res:<item>)

NUMBER (inner)

@ (pos), val: #1

¶ (iter:inner, item)

ROW# (pos:<item>/iter)

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| child::text (iter, item)

¶ (iter, item)

ROW# (pos:<item>/iter)

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| child::element name { item* } (iter, item)

¶ (iter, item)

CAST (cast:<item>), type: str

@ (pos), val: #1

U

COUNT (item:/iter)

@ (item), val: 0

¶ (iter:outer)

DIFF

ROW# (pos1:<sort, pos>/outer)

|X| (iter = inner)

¶ (iter, pos, item)

¶ (outer:iter, sort:pos, inner)

|X| (iter = iter1)

NUMBER (inner)

@ (pos), val: #1

¶ (iter1:iter)

¶ (iter:inner, item)

SEL (item)

ROW# (pos:<item>/iter)

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| child::element closed_auction { item* } (iter, item)

¶ (iter, item)

ROW# (pos:<item>/iter)

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| child::element closed_auctions { item* } (iter, item)

¶ (iter, item)

ROW# (pos:<item>/iter)

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| child::element site { item* } (iter, item)

¶ (iter:inner, item)

|X| (iter = outer)

¶ (outer:iter, sort:pos, inner)

¶ (iter, pos, item:res)

NOT (res:<item>)

@ (pos), val: #1

U

@ (item), val: false @ (item), val: true

DISTINCTDIFF

¶ (iter:outer)

ROW# (pos1:<sort, pos>/outer)

|X| (iter = inner)

@ (item), val: 1

¶ (outer:iter, sort:pos, inner)

@ (pos), val: #1

NUMBER (inner)

¶ (iter)

SEL (item)

¶ (iter, pos, item:res)

NOT (res:<item>)

@ (pos), val: #1

U

@ (item), val: false @ (item), val: true

DISTINCTDIFF

¶ (iter:outer)

ROW# (pos1:<sort, pos>/outer)

|X| (iter = inner)

@ (item), val: 1

¶ (outer:iter, sort:pos, inner)

@ (pos), val: #1

NUMBER (inner)

¶ (iter)

SEL (item)

¶ (iter, pos, item:res)

= (res:<item, item1>)

|X| (iter = iter1)

¶ (iter, pos, item:cast) ¶ (iter1:iter, item1:cast)

CAST (cast:<item>), type: str CAST (cast:<item>), type: str

¶ (iter:inner, pos, item)

|X| (iter = outer)

@ (pos), val: #1

¶ (iter:inner, item)

¶ (iter:outer, pos:pos1, item)

ROW# (pos1:<sort, pos>/outer)

|X| (iter = inner)

¶ (iter, pos, item:cast)

¶ (outer:iter, sort:pos, inner)CAST (cast:<item>), type: uA

NUMBER (inner)

¶ (iter, pos, item:res)

access attribute value (res:<item>)

@ (pos), val: #1

¶ (iter:inner, item)

ROW# (pos:<item>/iter)

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| attribute::attribute person { atomic* } (iter, item)

¶ (iter, item)

ROW# (pos:<item>/iter)

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| child::element buyer { item* } (iter, item)

¶ (iter, item)

¶ (iter:outer, pos:pos1, item)

ROW# (pos1:<sort, pos>/outer)

|X| (iter = inner)

¶ (iter, pos, item:cast)

¶ (outer:iter, sort:pos, inner)CAST (cast:<item>), type: uA

NUMBER (inner)

¶ (iter, pos, item:res)

access attribute value (res:<item>)

@ (pos), val: #1

¶ (iter:inner, item)

ROW# (pos:<item>/iter)

DISTINCT

¶ (iter, item)

ROW# (pos:<item>/iter)

/| attribute::attribute id { atomic* } (iter, item)

¶ (iter:inner, item)

|X| (iter = outer)

¶ (iter:inner, pos, item)

|X| (iter = outer)

@ (pos), val: #1

¶ (iter:inner, item)

¶ (iter)

¶ (iter)

¶ (iter)

ROW# (pos1:<ord, pos>/iter)

U

@ (ord), val: #1 @ (ord), val: #2

¶ (iter, pos, item:res) @ (pos), val: #1

ROOTS ¶ (iter, item:res)

ROOTS

|X| (iter = inner)

@ (pos), val: #1

ROOTS
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SERIALIZE

FRAG_UNION

¶ (pos:pos1, item)

EMPTY_FRAG

FRAGs

ROW# (pos1:<sort>)

ELEM (iter, item:<iter, item><iter, pos, item>)

FRAG_UNION

ELEM_TAG

FRAG_UNION

FRAGs

@ (item), val: item

¶ (iter, pos:pos1, item)

FRAGs

TEXT (res:<cast>)ATTR (res:<item, item1>)

|X| (iter = iter1)

@ (item), val: person ¶ (iter1:iter, item1:item)

@ (pos), val: #1

fn:string_join

¶ (iter:inner)

NUMBER (inner)

ROW# (pos:<item>)

/| child::element person { item* } (iter, item)

FRAG_UNION

/| child::element people { item* } (iter, item)

FRAGs

/| child::element site { item* } (iter, item)

DOC

@ (item), val: "auctionG.xml"

TBL: (iter)
[#1]

ROOTS

¶ (iter:outer, pos:pos1, item)

@ (item), val: " "

ROW# (pos1:<sort>/outer)

|X| (iter = inner)

¶ (iter, pos, item:res)

¶ (outer:iter, sort:pos, inner)

access textnode content (res:<item>)

NUMBER (inner)

@ (pos), val: #1

¶ (iter:inner, item)

ROW# (pos:<item>/iter)

/| child::text (iter, item)

/| child::element name { item* } (iter, item)

¶ (iter:inner, item)

CAST (cast:<item>), type: str

U

COUNT (item:/iter)

@ (item), val: 0

¶ (iter:outer)

DIFF

|X| (iter = inner)

¶ (iter)

¶ (outer:iter, inner)

|X| (iter = iter1)

NUMBER (inner)

¶ (iter:inner, item)

¶ (iter1:iter)

SEL (item)

/| child::element closed_auction { item* } (iter, item)

/| child::element closed_auctions { item* } (iter, item)

/| child::element site { item* } (iter, item)

¶ (iter:inner, item)

   

¶ (outer:iter, sort:pos, inner)

¶ (iter, item:res)

NOT (res:<item>)

U

@ (item), val: false @ (item), val: true

DISTINCTDIFF

¶ (iter:outer)

|X| (iter = inner)

¶ (iter)

¶ (outer:iter, inner)

SEL (item)

NUMBER (inner)

¶ (iter, item:res)

NOT (res:<item>)

U

@ (item), val: false @ (item), val: true

DISTINCTDIFF

¶ (iter:outer)

|X| (iter = inner)

¶ (iter)

¶ (outer:iter, inner)

SEL (item)

NUMBER (inner)

¶ (iter, item:res)

= (res:<item, item1>)

|X| (iter = iter1)

¶ (iter, item:cast)

¶ (iter1:iter, item1:cast)CAST (cast:<item>), type: str

CAST (cast:<item>), type: str¶ (iter:inner, item)

|X| (iter = outer)

¶ (iter:inner, item)

¶ (iter:outer, item)

|X| (iter = inner)

¶ (iter, item:cast)

¶ (outer:iter, inner)CAST (cast:<item>), type: uA

NUMBER (inner)

¶ (iter, item:res)

access attribute value (res:<item>)

¶ (iter:inner, item)

/| attribute::attribute person { atomic* } (iter, item)

/| child::element buyer { item* } (iter, item)

¶ (iter:outer, item)

|X| (iter = inner)

¶ (iter, item:cast)

¶ (outer:iter, inner)CAST (cast:<item>), type: uA

NUMBER (inner)

¶ (iter, item:res)

access attribute value (res:<item>)

¶ (iter:inner, item)

/| attribute::attribute id { atomic* } (iter, item)

¶ (iter:inner, item)

|X| (iter = outer)

¶ (iter:inner, item)

|X| (iter = outer)

¶ (iter:inner, item)

¶ (iter:inner)

¶ (iter:inner)

¶ (iter)

ROW# (pos1:<ord>/iter)

U

@ (ord), val: #1 @ (ord), val: #2

¶ (iter, pos, item:res) @ (pos), val: #1

ROOTS ¶ (iter, item:res)

ROOTS

|X| (iter = inner)

@ (pos), val: #1
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SERIALIZE

FRAG_UNION

¶ (item, pos)

EMPTY_FRAG

FRAGs

ROW# (pos:<pos1>)

ELEM (iter1, item:<iter1, item><iter1, pos, item>)

FRAG_UNION

ELEM_TAG

FRAG_UNION FRAGs

@ (item), val: item

¶ (iter1, item, pos)

FRAGs TEXT (item:<item2>)

ATTR (item:<item2, item1>)

@ (item2), val: person

fn:string_join

¶ (iter1, item1, pos)

@ (item1), val: " "

ROW# (pos:<pos1>/iter1)

¶ (iter1:iter)

¶ (iter1, pos1, item1)

access textnode content (item1:<item>)

FRAG_UNION

ROW# (pos1:<item>/iter1)

FRAGs

/| child::text (iter1, item)

DOC

TBL: (iter | item)
[#1,"auctionG.xml"]

/| child::element name { item* } (iter1, item)

¶ (item:item1, iter1:iter)

NUMBER (iter)

ROW# (pos1:<item1>)

¶ (item1)

/| child::element person { item* } (iter, item1)

/| child::element people { item* } (iter, item1)

/| child::element site { item* } (iter, item1)

@ (iter), val: #1

¶ (item1:item)

ROOTS

CAST (item2:<item1>), type: str

U

COUNT (item1:/iter1)

@ (item1), val: 0

¶ (iter1)

DIFF

|X| (iter = iter2)

¶ (iter:iter2)

¶ (item, item1, iter1, iter2:iter)DISTINCT

NUMBER (iter)

¶ (iter2)

SEL (item)

¶ (iter2, item)

= (item:<item3, item4>)

¶ (iter2, item3, item4)

CAST (item4:<item>), type: str

CAST (item3:<item2>), type: str

¶ (iter2, item2, item)

CAST (item:<item4>), type: uA

access attribute value (item4:<item3>)

¶ (item3, iter2, item2)

|X| (iter1 = iter3)

¶ (iter1:iter3, item3)

¶ (iter2, item2:item1, iter3:iter1)/| attribute::attribute id { atomic* } (iter3, item3)

NUMBER (iter1)

¶ (item3:item, iter3:iter1)

¶ (item, iter2, item1)

CAST (item1:<item3>), type: uA

access attribute value (item3:<item2>)

¶ (item2, item, iter2)

|X| (iter = iter3)

¶ (iter:iter3, item2)

¶ (item:item1, iter2:iter, iter3:iter)/| attribute::attribute person { atomic* } (iter3, item2)

/| child::element buyer { item* } (iter3, item2)

¶ (item2:item, iter3:iter)

   

¶ (item)

¶ (item1, iter1:iter)

/| child::element closed_auction { item* } (iter, item)

/| child::element closed_auctions { item* } (iter, item)

/| child::element site { item* } (iter, item)

¶ (iter1)

ROW# (pos:<pos1>/iter1)

U

@ (pos1), val: #1 @ (pos1), val: #2

¶ (iter1, item) ¶ (iter1, item)

ROOTS ROOTS

¶ (pos1, item)

|X| (iter = iter1)

ROOTS
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FRAG_UNION

¶ (item, pos)

EMPTY_FRAG

FRAGs

ROW# (pos:<pos1>)

ELEM (iter1, item:<iter1, item><iter1, pos, item>)

FRAG_UNION

ELEM_TAG

FRAG_UNION FRAGs

@ (item), val: item

¶ (iter1, item, pos)

FRAGs TEXT (item:<item2>)

ATTR (item:<item2, item1>)

@ (item2), val: person

fn:string_join

¶ (iter1, item1, pos)

@ (item1), val: " "

ROW# (pos:<pos1>/iter1)

¶ (iter1:iter)

¶ (iter1, pos1, item1)

access textnode content (item1:<item>)

FRAG_UNION

ROW# (pos1:<item>/iter1)

FRAGs

/| child::text (iter1, item)

DOC

TBL: (iter | item1)
[#1,"auctionG.xml"]

/| child::element name { item* } (iter1, item)

¶ (item:item1, iter1:iter)

NUMBER (iter)

ROW# (pos1:<item1>)

¶ (item1)

/| child::element person { item* } (iter, item1)

/| child::element people { item* } (iter, item1)

/| child::element site { item* } (iter, item1)

ROOTS

CAST (item2:<item1>), type: str

U

COUNT (item1:/iter1)

@ (item1), val: 0

¶ (iter1)

DIFF

DISTINCT

¶ (iter, iter1)

|X| (item1 = item)

¶ (iter, item1) ¶ (iter1, item)

access attribute value (item1:<item>) access attribute value (item:<item1>)

¶ (item, iter:iter2)

/| attribute::attribute person { atomic* } (iter2, item)

/| child::element buyer { item* } (iter2, item)

¶ (item:item1, iter2:iter)

NUMBER (iter)

¶ (item1)

/| child::element closed_auction { item* } (iter, item1)

/| child::element closed_auctions { item* } (iter, item1)

¶ (item1, iter1:iter2)

/| attribute::attribute id { atomic* } (iter2, item1)

¶ (item1, iter2:iter)

¶ (iter1)

ROW# (pos:<pos1>/iter1)

U

@ (pos1), val: #1 @ (pos1), val: #2

¶ (iter1, item) ¶ (iter1, item)

ROOTS ROOTS

¶ (pos1, item)

|X| (iter = iter1)

ROOTS
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SERIALIZE

ROOTS

twig (iter, item)

ELEM (iter, item)

Attach (item), val: item

fcns

Project (iter)

ATTR (iter, item, item1)

fcns

/|+ child::element person { item* } (iter:item)
level=3

Project (item)

/|+ child::element people { item* } (item:item1)
level=2

Project (item1)

/|+ child::element site { item* } (item1:item)
level=1

ROOTS

DOC (iter, item)

TBL: (iter | item)
[#1,"auctionG.xml"]

Attach (item), val: person

TEXT (iter, item)

fn:string_join

access textnode content (item1:<item>) Attach (item1), val: " "

Project (iter, item)

/|+ child::text (item:item1)
level=5

/|+ child::element name { item* } (item1:iter)
level=4

Project (iter, item)

CAST (item:<item1>), type: str

UNION

COUNT (item1:/iter)

Attach (item1), val: 0

Project (iter)

DIFF

ThetaJoin
(item eq item1)

Project (item) Project (iter, item1)

access attribute value (item:<item1>)access attribute value (item1:<item>)

Project (item1)

/|+ attribute::attribute person { atomic* } (item1:item)
level=5

Project (item)

/|+ child::element buyer { item* } (item:item1)
level=4

Project (item1)

/|+ child::element closed_auction { item* } (item1:item)
level=3

Project (item)

/|+ child::element closed_auctions { item* } (item:item1)
level=2

/|+ attribute::attribute id { atomic* } (item:iter)
level=4

Project (iter)
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Pathfinder & IBM DB2 V9, 115 MB XML input data
< 1 sec

SERIALIZE

FRAG UNION

ROOTS

EMPTY FRAG

FRAGs

twig (iter, item)

ELEM (iter, item)

@item:’item’

fcns

πiter

item:iter descendant::element(person)
GPS = 798, level = 3

∪ πitem

FRAGs

DOC (iter, item)

TBL: (iter — item)

ROOTS

ATTR (iter, item, item1)

fcns

@item:’person’

πiter ,item1

item1 :item

item:iter descendant::text()
GPS = 802, level = 5

TEXT (iter, item) nil

πiter ,item

CAST (item:¡item1¿), type: str

∪

COUNTitem1 :()/iter

@item1 :0

πiter

!"
item = item1

πitem πiter ,item1

item:item1

πitem1

item1 :item attribute(person)
GPS = 960, level = 5

πitem

item:item1 descendant::element(buyer)
GPS = 959, level = 4

πitem1 :item

item1 :item

item:iter attribute(id)
GPS = 799, level = 4

\

πiter
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Relational Encodings for XML
• XML documents represent ordered, unranked trees

(nodes of 7 kinds).

• Relational XQuery processing calls for an adequate 
relational encoding of such trees:

1. Schema-oblivious 
(XQuery constructs arbitrary XML fragments),

2. accessible for the query processor and index support
(≫107 nodes in typical GB-range XML instances).
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Partitioned B-Trees

• Use low selectivity key prefixes to partition the
XML nodes in a B-Tree according to various criteria:

1. level (support XPath child axis)

2. element tag name 

3. path to node (“Node GPS”)

• Given a Pathfinder-generated workload, 
the index advisor of IBM DB2 V9 proposes 
such partitionings automatically.

25

B-Tree

level = 1 level = 2 level = 3
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MonetDB/XQuery
• MonetDB: Extensible relational database kernel,

optimized for query processing close to the CPU.

• Full vertical fragmentation
(column store).

• Pathfinder + MonetDB = MonetDB/XQuery.

• Implementation of XQuery 1.0.  

• Evaluates queries against GB-range 
XML instances in interactive time.

+ XQuery Update, XQuery RPC ( execute at uri { e } ),
support for multi-dimensional XML, ...
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“DB2’s XML support
  doesn’t beat its relational self”.
• Pathfinder builds on 30+ years of development of

relational database technology.

• Outperforms the built-in DB2 V9 pureXML® engine,
especially for large XML input instances.

• Covers other data-intensive languages:

1. SQL/XML

2. LINQ + other “Nested Loop” languages.
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