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XML Storage Based on DTM for Efficient XQuery Processing

MAKOTO YUl,t JUN MIYAZAKIt and SHUNSUKE UEMURAT't

In this paper, we propose an XML storage scheme based on DTM (Document Table Model)
which expresses an XML by a table form. On query processing for large-scale XML data,
XML storage schemes on secondary storage and their access methods greatly affect the en-
tire performance. For this reason, we developed an XQuery processing scheme in which XML
data is internally represented as a set of DTM blocks, and can directly be stored on secondary
storage. Moreover, we adapted the use of extents for queries whose locality of referred blocks
is high, and introduced Reverse-Path index for queries whose locality of referred blocks is
low. Our experimental results show that the proposed scheme can often obtain almost linear
scalability in performance as the data size increases, and is especially adaptable to limited

resource environments.
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Fig.2 Illustration of DTM.
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Algorithm 000000000000000O

1. const BLOCKS_PER_NODE = 4;
2. const PARENT_OFFSET = 1;
3. const NEXTSIB_OFFSET = 2;

4. function firstChild(curnode) {

5. code := getCol(curnode);

6.  if('hasChild(code))

7 return nil;

8. namespaces := getNamespaceCount(code);

9.  attributes := getAttributeCount(code);

10.  addr := curnode + ((namespaces + attributes) + 1)
11. * BLOCKS_PER_NODE;

12. return addr;

13. }

14. function nextSibling(curnode) {
15. return getCol(curnode + NEXTSIB_.OFFSET);
16. }

17. function parent(curnode) {
18.  return getCol(curnode + PARENT_OFFSET);
19. }

03 0D00o0oOoooOoooOoooooon
Fig.3 Algorithm of primary axis-accesses.
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Fig.4 In-memory representation of DTM.
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Fig.5 Physical layers of DTM.
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Algorithm 0000000000000

IN: rowld OUT: block

1. const PAGE_SHIFT := 9;
. global BUFFER_CACHE;

»

. pageAddress := rowld >> PAGE_SHIFT;(Q)

. block := BUFFER_CACHE.get(pageAddress);(b)
. if(block == nil) {

block := rcadInExtcnt(pagcAddrcss);(C)

}

. return block;

0N T W

a) 00000000DODOOOO0OO0OODOOOOO
Ooooo0oOoooooooon

b) 000000000000 0O0OOOOOOO0OO
oooooooo

c) blockOOO0O0O nilOO0OOpageAddress0 00
000 readInExtent 000000000000
O00000OreadlnExtent 00000000
oooooooooooooooooooono
0000320000000000000000
0oo0oo0oooo0ooooooooooooo
ooo0ooO0oooooooooooooooo

0O BUFFER.CACHEOOCOOOOO
0e6e UO0O0OO0ODOOOOODOOO
Fig.6 Page-in algorithm.
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let $auction := doc(“auction.xml”) return
for $p in $auction/site/people/person(®)
let $a :=
for $t in $auction/site/closed_auctions/closed_auction
where $t/buyer/@person(®) = $p/@id(¢)
return $t(4)
return <item person=*“{ $p/name/text()(¢) }’>
{ count($a) } </item>
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Fig.9 Query No.8 of XMark.
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Fig. 10 Page access pattern of XMark Q8.
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XMarkQ7 000 // 0000000

let $auction := fn:doc(“auction.xml”) return
for $p in $auction/site return

count($p/ /description(®)) + count($p//annotation(®))
+ count($p//emailaddress(¢))

011 XMark OO0 Q7
Fig.11 Query No.7 of XMark.
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Fig.12 Page access pattern of XMark Q7.
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Table 1 Duplicate key ratio of path index on XMark dataset.
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Fig. 13 Reverse path expression supporting namespaces.
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for $p in
. Rewritelnfo — 34/#33/#0/# (¥

1.

2

3. return

4.  <item person="$p/child::name/child::text()” (¢)>
5. fn:count(

6. Rewritelnfo — 74/#73/#0/#®D

7 [$p/@id (¢) = child::buyer/@person (¥)]

8. ) </item>
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Fig. 14 Pseudo acceess plan of XMark Q8.
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. for $p in RewriteInfo — 0/#(®)
return fn:count(
RewriteInfo — 9/%+#0/#, filter $p(b) )
+ fn:count(
RewriteInfo — 65/%#0/+#, filter $p(c) )
+ fn:count(
RewriteInfo — 35/%#0/+#, filter $p(d ))

NS gk wN

015 XMark Q70000000000
Fig.15 Pseudo acceess plan of XMark Q7.
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IN: idxCond, ancestor OUT: ptrs

1. global PathIndex;
2. global Labellndex;

3. Matched := PathIndex.find(idxCond);
4. ptrs := Matched.getMatchedSorted();
5. ptrs := filter(ptrs, ancestor);

6. function filter(ptrs, ancestor) {
7.  if(ptrs.length == 0)
8 return nil;

9. ancestorLabel := Labellndex.getLabel(ancestor);
10.  for(i:=0;i<ptrs.length;i++) {

11. targetLabel := Labellndex.getLabel(ptrsl[i]);
12. if(!isDecendantOf(targetLabel, ancestorLabel))
13. ptrs[i] := nil;

14. }

15. return ptrs;

16. }

0 16 Algorithm 000000
Fig.16 Algorithm structural filter.
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ancestorLabelm\1.20D 15 &

FHR/—F
ptrs 6 1 11 12 14
targetlabel 1.1 111 [121 122 A3 wsg

120 AME 130FBALE
017 00000000 fiterO0OOO
Fig. 17 Filter function processing with binary search.
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Fig. 18 Page access pattern of XMark Q8 with index.

O000o000o000o0o0oOooOoOooOoOooOoOoO
00000000000 Oancestor 00000000
000 fiter OO0 00000000 1700000
000000 ancestorLabeld Dewey 00O OO 1.2
00000120 1.30 targetLabel DOOOOOO
000000000000000000 ptrs000
oo0o0ooooloo4000000000O

54 0000000000 00OOOOOO

0000o0o000o00o0o0oo0oo0oo0oo0oo0o0o4.300
o000 DTMOOOODOOOOODOOOOODOOO
O000o000o00Oo0o0oooOoooOoOooooo
oooooo

0000000000 QUooooooogoo
018000000000 00C0DOO0 14000000
0000 JoinODO (b) O JoinOOOODOOOO (d)
O00o00ooUo0oooUoooooooooog (o
000000 ()0oo0oooo Jein0OOOODO
oooO 1800000000y OO 35,000040,000
000 (b)) 000 () OODDCODOOOUOyODO
14,000022,000000 (a)J () OO0 (e) DOODO
0000oooo@GB) 000 (yoooUoooooo
oooooooooooobooooooooo0oo
ooo0oO0oO0oOoOoOoOoOoOo DIMOOODODOOOO
0000000000 000U0Oo0o0ooOoooooo

June 2007
CPU Intel Pentium D 2.8 GHz
OS | SuSE Linux 10.2 (Kernel 2.6.18)
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Java Sun JDK 1.6
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Fig.19 Experimental environment and settings.

00000000000000y000000000
0000000000000000 (¢) 000000
000000000000DTMOOO0000000O
0000D00000D000000000000000
(c)0(e) 0000D0DOD $p 00000000000
00000000000000000000

Q7000000fmcount 10000000000
000000000000000000000000
000000000000000000000000

6. O O

0000 DTMODOODO XMLODOOOODOOOO
000000000XMLODOOOODOOOOD
0000000000 XMark? 00ODO0OOODO
0oooDOooooono

oooo

00000000000000000000000
0000 19000000000°00000000
000000000000000000000000
0000 3000000000000000

6.1 000DO0ODOO0ODOODOODOODDO

ooooon

00000 DITMODOOOOO0O00D00DO0000
00000000 Java VMOJVMOODODODOD
XQuery 00000D0O0O0O0D0OO SAXON-SA '
0000089000000 0DOOO0OOOOODN
000D00000000000000000Saxon D
TinyTree 000 XMLOOOOOOOOOOODOOD

Y 0000000000000000000 Java VM O Client
vMOOooooo



Vol. 48 No. SIG 11(TOD 34) 0000 XQuery OOODOOO DTMOOOO XMLOODODOO 139
02 SAXONOOOOOODoOoOoDooooooooo
Table 2 Comparation between our system and Saxon.
XMark 113 MB (SF: 1) XMark 340 MB (SF: 3)
DTM DTM™e™ pDTM Saxon DTM DTM™e™ pDTM Saxon

Q1 8.82 0.68 1.19 8.34 23.84 0.79 2.08 24.51
Q2 8.59 0.73 1.52 8.09 24.14 0.90 2.71 23.81
Q3 9.24 1.00 1.73 8.63 25.32 1.77 3.85 25.20
Q4 8.95 1.07 2.15 8.70 24.96 1.80 5.06 25.65
Q5 8.76 0.66 1.33 7.99 24.25 0.79 2.72 23.19
% 10.05 1.58 3.60 8.08 26.74 3.61 9.78 23.69
g 10.95 2.89 6.71 8.29 30.38 7.34 21.92 24.10
Q8 9.03 1.24 2.24 8.98 24.90 2.23 5.30 26.56
@ 9.24 1.29 5.43 8.86 25.79 2.69 14.98 26.09
Q10 12.48 4.21 15.56 11.51 34.90 11.56 52.13 33.97
ﬁ 14.68 6.74 8.25 440.38 64.18 41.11 54.50 DNF
Q12 12.88 4.88 6.07 212.34 50.75 27.00 35.57 DNF
Q13 11.67 0.79 1.09 8.33 33.54 0.97 2.02 24.88
% 9.81 1.92 6.11 8.70 27.56 4.27 16.93 25.59
Q15 9.13 0.61 0.74 8.19 23.64 0.72 1.26 24.13
Q16 8.66 0.75 0.89 8.23 24.34 0.96 1.53 23.98
Q17 11.62 0.88 1.25 8.08 33.43 1.29 2.61 23.23
Q18 8.95 0.79 1.75 8.32 25.16 1.25 3.72 24.17
Q19 12.47 2.04 5.73 9.46 36.36 4.51 15.49 31.00
@ 9.37 1.19 2.15 8.43 25.14 2.12 5.19 26.20

TinyTree 10 00000000000000000 let Sauction = faidoc(auction.mi®)

Jdoooooooooooooooooooog DT™™M let $ca := $auction/site/closed_auctions/closed_auction

return
oooooooooo let $ei := $auction/site/regions/europe/item

00000000 0-Xme OOOODOO JVMOO
oo0oo0oobbO0114GoO00000000000
O000000SaxonODOOOOO0O0O XMarkO OO
goooooooobo 3sgoos4soMOODODODOOOOO
000000000000000400000SaxonO
goboooobooooboooooboooboooooono
OO0O0D0D0OO0XMarkOOOOOOOD 10113M0O
o000 XMLOOOOOOOOOOOOO0 300000

O0oo0oooo2000000000 2000DNF
ODid Not Finish OO O0ODO0O 10000000000
oo0ooooooooOooooOooooobrM OO0
XMLOOOOOOOOO DTMOOOOOOO0O0OO
gooooboooobrMoooooobDoOXMLOO
00000000 DTMOOOOOOOOODTM™e™
ocooooobrMoooooOoooooooooo
cobooooooooboobooooo bTMOOO00
ooooooo DTMOO DTM™™ 0000000
coopbIMOOOOOOOOO0OO0OOO DTMO
00000000000 0o0oo0o0o0o0U0ooOoOSFO
goboooooobooooboobocoon

oooocooon

ooooo bTM™™ 0 pDTMOOOOOOOO
gooboooooooooooobo prMooooo

for $p in $auction/site/people/person
let $a := for $t in $ca
where $p/@id = $t/buyer/@person
return
let $n := for $t2 in $ei
where $t/itemref/@item = $t2/@id
return $t2
return <item>{ $n/name/text() }</item>
return <person name="{ $p/name/text() }">{ $a }</person>

020 XMark OOO Q9
Fig.20 Query No.9 of XMark.
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let $auction := fn:doc("auction.xml")
return
for $i in distinct-values(
$auction/site/people/person/profile/interest/@category)
let $p :=
for $t in $auction/site/people/person
#$1 0000000 personne 0 $p 000000
where $t/profile/interest/@category = $i

return
<personne>
<statistiques>
<sexe>{ $t/profile/gender/text() }</sexe>
<age>{ $t/profile/age/text() }</age>
<education>{ $t/profile/education/text() }</education>
<revenu>{ fn:data($t/profile/@income) }</revenu>
</statistiques>
<coordonnees>
<nom>{ $t/name/text() }</nom>
<rue>{ $t/address/street/text() }</rue>
<ville>{ $t/address/city/text() }</ville>
<pays>{ $t/address/country/text() }</pays>
<reseau>
<courrier>{ $t/emailaddress/text() }</courrier>
<pagePerso>{ $t/homepage/text() }</pagePerso>
</reseau>
</coordonnees>
<cartePaiement>{ $t/creditcard/text() }</cartePaiement>
</personne>
return <categorie>{ <id>{ $i }</id>, $p }</categorie>
# $p 000000 personnelil,..., personne[n] 000000
# 000000000O0Osexe, age D00 $t 00000000
# 0000 DpmMOODOOOODOOOODOO

021 XMark 0OO Q10
Fig.21 Query No.10 of XMark.
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Fig.22 Page access pattern of XMark Q10.
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08 XPathO0OOOO XMark 000
Table 3 XMark queries converted into XPath.

Q1 | /site/people/person[@id = “person0”]/name/text()

Q2 | /site/open_auctions/open_auction/bidder[1]/increase/text()

Q4 | /site/open_auctions/open_auction[bidder[personref/@person = “person20”]/following-sibling::bidder

[personref/@person = “person51”]]/reserve/text()

Q5 | /site/closed_auctions/closed_auction[price/text() >= 40]/price

Q6 | count(//site/regions//item)

Q7 | count(/site//description | /site//annotation | /site//emailaddress)

Q14 | /site//item[contains(description, “gold”)]/name/text()

Q15 | /site/closed_auctions/closed_auction/annotation/description/parlist/listitem/parlist/listitem /text /emph/keyword /text()

Q16 | /site/closed_auctions/closed_auction[annotation/description/parlist/listitem/parlist/listitem/text/emph/keyword/text()]

/seller/@person

Q17 | /site/people/person[homepage/text()]/name/text()

04 Natix 0O XPath OOQOQOOOOOO
Table 4 Performance comparison of XPath query processing with Natix.

XMark 568 MB (SF5)

00 (KB) | pDTM® | pDTM?® | pDTM® | Natix

Q1 1 2.56 2.96 2.54 1.84
Q2 241 3.14 3.43 3.14 4.11
Q4 0 7.73 7.53 7.80 4.70
Q5 666 4.12 4.61 4.14 7.32
Q6 1 15.57 12.17 0.46 | 11.99
Q7 1 33.88 25.68 3.23 | 50.80
Q14 149 48.39 34.49 16.10 | 28.26
Q15 42 1.67 2.08 0.89 1.20
Q16 10 1.94 2.10 1.94 1.56
Q17 897 3.07 3.25 3.18 4.47

XMark 1.1 GB (SF10)
00 (KB) | pDTM® | pDTM?® | pDTM® | Natix
1 4.60 5.02 4.44 3.22
482 7.68 7.25 6.14 10.64
0 15.38 13.60 15.49 9.03
1322 7.72 8.01 8.03 9.46
1 34.51 27.55 1.82 | 118.30
1 73.92 54.45 20.74 | 621.83
297 106.90 72.68 36.48 | 155.24
80 4.00 3.73 2.38 2.39
20 3.48 3.49 3.69 2.58
1789 6.71 6.25 7.09 13.13
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Fig.23 Performance of XPath Queries on XMark SF5
dataset.
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05 pDTM O0OO0O0O0OOOOOOOOODO
Table 5 Scalability of pDTM.

113 MB (SF: 1) 340 MB (SF: 3) 568 MB (SF: 5) 1.1 GB (SF: 10)

0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000

Q1 1.19 1.12 2.08 1.98 2.59 2.55 4.86 5.09

Q2 1.52 1.26 2.71 2.58 3.44 3.43 9.82 13.50

Q3 1.73 1.73 3.85 3.86 4.67 4.61 10.76 10.59

Q4 2.15 2.17 5.06 5.06 7.99 7.91 15.55 15.34

Q5 1.33 1.38 2.72 2.74 3.90 3.96 7.56 8.37

Q6 3.60 0.49 9.78 0.62 15.54 0.49 33.08 2.35

Q7 6.71 0.81 21.92 1.63 36.87 1.02 75.84 10.24

Qs 2.24 2.28 5.30 5.19 8.61 8.08 16.78 15.55

Q9 5.43 5.52 14.98 14.81 24.52 24.41 50.61 57.46

Q10 15.56 15.47 52.13 51.51 88.17 87.14 | 185.56 | 186.77
Qi1 8.25 8.23 54.50 50.95 | 132,92 | 140.97 | 513.48 | 509.91
Q12 6.07 6.11 35.57 35.71 90.30 89.16 | 329.21 | 323.21
Q13 1.09 1.12 2.02 2.02 2.86 2.99 6.04 6.57
Q14 6.11 3.85 16.93 10.03 28.11 16.87 58.50 36.69
Q15 0.74 0.59 1.26 0.76 1.77 0.96 4.01 4.18
Q16 0.89 0.91 1.53 1.56 2.18 2.18 4.06 5.25
Q17 1.25 1.33 2.61 2.52 3.70 3.67 7.30 6.78
Q18 1.75 1.77 3.72 3.76 5.68 5.72 11.91 13.18
Q19 5.73 5.05 15.49 13.43 25.38 21.92 64.42 57.26
Q20 2.15 1.88 5.19 4.19 8.01 6.45 17.18 16.35

1024

pDTM(ClientVM) —+—
PDTM(ServerVM) -—-x---

pDTM(using indices) -
" Natix —E

256

Elapsed time (sec)

Q4
024 XMark SF1000000000000 XPathOOOOO
Fig.24 Performance of XPath Queries on XMark SF10

dataset.
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Table 6 Influence of buffer-size to the performance.
od 00000BUFOG64 MO O00000BUFO128 MO O00000BUFO256 MO
(KB) OoooD | boooo oooo o000 | oDoooo oooo Oooo | oDoooo oooo
Q1 1 4.62 80,737 38,138 4.86 80,673 0 4.67 80,673 0
Q2 3,425 10.89 133,889 91,290 9.82 133,889 48,692 6.74 133,825 0
Q3 1,688 10.80 134,849 92,249 10.76 134,849 49,651 10.46 134,817 0
Q4 0 15.63 134,881 92,282 15.55 134,881 49,684 15.76 134,817 0
Q5 1 7.50 45,082 2,483 7.56 45,018 0 7.59 45,018 0
Q6 1 33.25 531,912 489,311 33.08 531,784 446,586 31.94 397,329 223,512
Q7 1 75.31 | 1,192,181 | 1,149,579 75.84 | 1,191,893 | 1,106,693 76.57 | 1,191,667 | 1,021,269
Q8 9,543 17.60 125,723 83,124 16.78 125,626 40,428 17.27 125,530 0
Q9 12,067 64.54 | 1,651,866 880,565 50.61 369,574 123,598 48.80 163,002 0
Q10 | 250,181 208.38 | 1,731,362 835,627 185.56 80,673 0 183.72 80,673 0
Q11 9,974 521.52 215,522 172,923 513.48 215,425 130,216 514.12 215,329 44,900
Q12 1,773 329.65 215,522 172,923 329.21 215,457 130,215 326.32 215,361 44,906
Q13 62,002 6.11 13,889 0 6.04 13,889 0 5.71 13,889 0
Q14 594 57.62 397,601 354,815 58.50 397,505 312,121 59.14 397,409 226,827
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Fig. 25 Scalability of pDTM.
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Table 7 Comparison between LRU and 2Q for the use as the buffer management algorithm.
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Table 8 Testcase on limited JVM heap space.
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