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A Hybrid Method of Storing XML Data Using RDBMS
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ABSTRACT

As the Web-based e-Business prevails, the volume of XML data on the Web is getting
larger than ever. Although much research has been done on decomposing and storing
XML data in RDB, which is now the most popular storage for XML, and on processing
XML queries through their SQL counterparts, little attention was paid to how to alleviate
the burden of storing massive volume of XML data. In this paper, we propose a hybrid
method of storing XML data in RDB, whereby the unit of storage could be an XML sub-
tree as well as an XML node. The part of XML data whose nodes were separately stored
could be reformed into an XML subtree for storing when it gets rarely queried or less
valuable for reference as time goes by. With this method, we designed and implemented
a hybrid XML storage and query processing system, comparing it with the conventional
system where an XML node is the only unit of storage. Through experiments, we com-
pared storage efficiency and query processing performance, validating the effectiveness of
our proposed system.
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/| site //||items /|| item

label : site child | label : items child | 1abel : item

axis ' // axis : / axis ¢/

level : 1 parent | jovel : 2 parent | jovel : 3

level_adjust: True level_adjust: False level_adjust: Falzse

match_level: match_level: match_level:
A e A3

(a2l 6) XPath Z&eo| EZ|

3.1 DHAl/oHA/NE 2= <19 6> XPath doe 2o Egz
HEeE o & YER L itk o] o= auction
o] Al E2 Fugsi dedith DTD EACHEE 2>, <FE 3> Zx)d g
5 XML #A49] ~7n} AR 2 AREA}9 /site//items/item©] 2= XPath 2o 34
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XML &4 Wolx MrEZ a9z A4d XPath d9o] ~H(location step)[8]n}tc}
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create_query_tree
// input: XPath expression x
// output: query tree node array Node[1..n] /* n& step &

// level tint 1,2,3, ...

// level_adjust : TRUE or FALSE

// match_level : the level at which match made
// label : char string

// parent : *Node

// path-child : *Node

// axis : next step2 axis

/! / or // or null (for the last step)

step <-- 1;
axis <-- read_axis(x);
while(axis != null) do {

allocate_node(); // returns a Node[] to be initialized
Node[step].level <-- step: /a0 22 Mel udE S0l & Hs Jts
if(axis=="'/') then Node[step].level_adjust <-— FALSE;

if(axis=="'//') then Node[step].level_adjust <-- TRUE:
Node[step].label <-- read_nodetest(x);
Node[step]l.parent <-- step - 1;
Node[step].path_child <-- step + 1:
axis <-- read_axis(x):
Node[step].axis <-- axis: // next step 2l axis
step <-- step +1:
// Node[step].match_level need not be initialized

}

Nodel[step-1].path_child <-- —-1:
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parsing startDocument
startbElement a
<a> startElement b
<b>x<[fb> ﬂﬂ‘::> characters x
<cok<Je> endElement b
<fa> startElement ¢
characters k
endElement ¢

endElement a
endDocument

SAX Ol E

XML =A
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|

e =gt 2A4-F& BARIA
-2k BAIAZ YERE Level_adjust
(WA w2 Af v =2V glonw
default® FALSE #-& 71H), 2] Eg9
=E=7F XML #4190 =9} w27} HlE&
] A8k Match_level, 223 XPath¢]

(d% 8) SAX O|HE

Xpath_procesing_over_stream_of_SAXevents
// curNode: Query tree2| Node BiZ Node[1], Node[2], Node[3]2l index
// SUBTREEMODE: 2 E Query tree ==J} match &0 29| ZIE XML AEER| HEIZ2 MEE Il TRUEZ set
//level: level of the element in the current SAX event
// |abel: label of the element in the current SAX event
SUBTREEMODE <-- FALSE;
do{
case(SAX event) {
startDocument: curNode <-- 1:
startElement:
if(SUBTREEMODE) then
{
Subtreeappend(open_tag);
break;
}
if( ( (Node[curNode].level_adjust && level >= Node[curNode].level) ||
(! Node [curNode].level_adjust && level == Node[curNode].level) )
&& label==Node[curNode].label )
then
{
/* match */
Node[curNode].match_level <—- level;
if(Node[curNode].axis ==NULL) then
{ [+2WKHEEL HE AlS*/
SUBTREEMODE <-- TRUE;
Subtreeappend(open_tag);
else {
curNode <-- Node[curNode].pathChild:
Node[curNode].level <—= level + 1;
}
i
endElement:
if(SUBTREEMODE) then
{
Subtreeappend(close_tag);
if(level == Node[curNode].match_level) then
{
SUBTREEMODE<—- FALSE; /+*21t HEE2| NE SF+/
InsertSubtree(); [*RHEER| &42lx/
I
break:
if (level == Node [Node[curNode].parent].match_level) then
curNode <--Node[curNode].parent;
characters:
if(SUBTREEMODE) then Subtreeappend(text);
endDocument: exit;
} /* end_of_case */
while(more SAX events)

(a3 9) el Ez| ojx|E S8 XML MEEZ| N& 212|&
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(E 1) of7told ==of ALZE SQLE

Select *
From XMLOnetable
I Where ( nid > = xl.nid and rmdnid <= x1.rmdnid )
s OR ( nid > = xLnid and rmdnid <= x2.rmdnid )
Order by Docid, nid
A A Delete from XMILOnetable
. where Nid > = xl.nid and RmdNid <= x1.rmdnid
Insert into XMLOnetable
& G (Docid, Nodelevel, TagName, Text, Nid, RmdNid, ParentNid, Type)
b values(x1,docid, x1.nodelevel, x1.tagname, Subtree, x1.nid, x1.rmdnid,
x1.parentnid, x1.type)
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DOCID NODELEVEL TAGNAME TEXT NID RMONID PARENTNID TYPE

1 school 1 2 10

1 2 name cay H 2 1 0

1 2location  hueksuk 3 3 1 0

1 2 teachers 4 12 1 0

1—“u_las£hel_|<wachend=”12")<name)l:huw(/name)(sma\l)chm@cauackr({emawl)(ﬂeazher) | 5 8 4 A

1 3 teacher <eacher id="23"y ¢namekang¢/name> cemeil>kang@cau.ac ki¢/emaily¢fteacher 9 12 4 2

1 2etudents  <students><studentid="1"><hamejeon¢/names cemail>smile@korea.comefemail</studenty>¢s - 13 21 1 2

DOM Tree Query Processor
XPath : /teacher[ @id="12"1/name
- choi
12 choi  choi@cau.ac.kr
DOM £2] &4 Mo w2l 2 AN
(23 12) DOM Ez| 44 g8 &9 Xz
XHSS= MEED @99 AZS Adst = <2d 11>3} Zo] JHEdZ Add F
o & O = =] =] =]
52 Aol §¥e TANE hroldnh  Ro A2E walsjol s sloltk ol g
@1 <y 1053 2ol AuEa 4 & A9 XHSSHAu w4 o o
1=} o) hya S

yio A2E 9N Best g A 2E o= A3¥ AHLELE RDBA

9lo] 9kx o]ZFHE DOM ETE AL

st} XPath doj& Az

call

2~ 0] O = =
T AE FHolt #9 DOM APIE o]&

‘ Tokenizer ‘ | TokenAnalyzer | | XPathProcessor |
gstFirstToken advance_2_matching_clo Drocessffq#ew
getlastToken se_bracket DVOCESZ_I e
gethlextToken advance_2_matching_op gst_nodes
getPrevToken an_bracket get_ﬂltenlad_nodes
getToken filter_exists 5t|’tuPCtura _join
GetTokenPointer get_first_op setFrocess
getXPath get_next_op
unget_next_token get_next_label

get_predicate
get_prev_label

get_prev_op
ad e QLART2] AT
e i
DBManager | ‘ SQLGenerator ‘ | XNMLTagger
ConnectCB gen_SQL GetXMLDoc
DisconnectDB gen SQL_4 filtered_nodes Writefile
ExcuteQuery ListtoSQL SetFilePath
get_nodes_from_RDE
GetDBConnection
(a8 13) 29 Mzl 252 ZaiA ctolo{aH
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3 W, Frrgk AdE V)sdeh A 414
dlAe dgel 24 9 XML dlo]efel o

>~

71&8tal, Al 427860 % =l dis)
Agdtt aga A 4384 AF A
£ 7]&s

Ao AFEE dlolH A Al2"e] CPU
= Pentium IV 3.0GHzo|™ wWxe)E= 2GBe]

oh Ao AREE XML #4+= XMark[18]
AN AFsHs XMLGeno.Z AT auc-
tion Aot} I FERE <HE 2>9 <1
g 21>3 o =AV|= YAER 557MB
o]z, AYHES F FE& 4524371, NEF
FE & &+ 1092170 th (<3 2> #x).
AYHE T itemS A2 A2HEZ name,

id, description && X&3}=tl, descrip-

tione AFEZo] ik A AHS seel=
PRom AF AEA G, JFel o
5 U id= 4383

AAe F2 item9 name©]
=
=

PN
nn
£ 498 goR 498 S

2) &% XML HlolH

kH
0l

3 = 4
Total Size (MB) 557
Number of total nodes 56,164
Number of element nodes 45243
Number of attribute nodes 10,921
Number of “item” element nodes 2,175

Number of “description” element nodes| 2,275

Number of “category” element nodes 100

Number of “edge” element nodes 100

42 45 HE

A T 28 AT MREYR A
+d A=E 7He7]e XPath #oE vgat
A & e we} auction FAE EFH O

2 AAsta a3l wE A% ke A7)
2 2A3tomn B =19 XHSS7} FLOR
Alz="of| v]3)] A} A7 TS kst
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W MBEZR A%E ol dia] S5
ot 18 25 toR Faeelth A=/ site/
items/item/description®] T EF = do|H=
MBEZ 992 AFstds 45, 7% 1
Ao] o =/site/items/item E& /site/items/
item[@id="item10’] soltt. 73 2 Z|9
o =/site/items/item/description[par-
list//listitem/text = ‘dispos flows%'] So|t}.
ok do] SRAIRE AA AZE B ool

A ARE AR % 4k & G 29

(E 3) N& 2+ ddol| AFSet XPath 29

Path no. XPath
P1 /site/items/item/description
P2 /site/items/item/mailbox
P3 /site/items/item
P4 /site/items
P5 /site

<E 3>9 XPath 297} 7Hg)7]= A= o]

alo] w59 MBEZR AGsgS we
IS Ao ww 27k =435 <F 4>
B <¥ 3> XPath =& HHEZZ A

Fatis o XHSS9 FLORE|  AJ~8l9]

#1743 2 RDB Hlo| & A4d F 8=
= FE 34 Aotk o] Ad}E RH
XPath Zo|7} £419] B2 =28 X33}
MBEZZ AZEHE w29 37 Be4s
g F7ko] wol A wEkA HIA= 5
7 Bol e ¢ 4tk 53, Phe
XPath o7}/ siteo] A &4 AAE 23
A Atk 2 1709 HF2E <] =E XML

A7 AFHEL o] A$+ auction w417
A @i agiE AFE A7) w4

(# 4) FLOR % XHSS Ala"e| M 7+ # 2= &= £ 21

Path no. X% EZHMB) gz 5 2: XLJOE‘% ;n‘i/ﬁ)
FLOR 575 56,164 0
Pl 437 48,091 2
P2 382 37,39 3
XHSS P3 136 3331 764
P4 8 1,156 6.1
b5 6 1 896
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e3h &5 FLOR®] 1213} Wlawshgls of o0

45000

T ikl A Fe 4 4 AT o

%35000

432 Ao $HA 34 49 5y 9o

<E 5> Ao SHAE Agel Agd B

7 15000

3 13} 29 deEg A% Aok < " 100

14> 9 19 o] SuARkE HolE -
ool AdE RY B RelA Ak L

Query no.

(O 156) 7 12| =5 d2|HE Hes Az

U FLOR Al=®le] 25 © FAR <18

BEA W EZ 3= A|7Fe A H|ZEH7 16>l HEb Bj7d AJZE XHSS A|2=Hlo]
4 2 AsS Hol7] wio|t) o= 49
100000 A7 JEEZR AFH JES ¥3sln
90000
RS W MEEZE ojn gHo] FHof glo
. 70000 - . ~
£ oo 2 F7142 " A4S Z8= K &
7] wolth, B3] Q3oIA €7 Alte] ol
o 40000 — .
EH 30000 7]’ EL]ﬂ I/]"C 7}'\]% %EI %E}?’]_E?_ descrr
20000 ption°] MHEZZ A%+ o] XHSS A 2=¢)
10000
o —_— ol AL €A A7E Aoz HoFgl)
Q1 Q2 Q3 Q4
Query no. U:H %O] q—.
(72 14) 938 19 Zo| SciA|Zt H|T <OF 1> 9 29 Ho SHAIRES

Query no. XPath

Q1 | /site/items/item

Q2 | /site/categories/category

o
ofl
—_

Q3 | /site/items/item[quantity = ‘1]/description

MM | /site//item[location = ‘United States']

Q5 | /site/items/item[@id = ‘item1527')/description[parlist//listitem/text = ‘%dug fume%’]

T4 2 Q6 | /site//item[location = ‘United States']/description[text = ‘jack’]

Q7 | /site/items/item/description[parlist//listitem/text = ‘%blown mouth%']
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(5 1) XML HIO[E{e] HZIX of7to[

<?xml version="1.0" encoding="euc-kr" 7>
<school>
<name>cau</name>
<location>hueksuk</location>
- <teachers>
- <teacher id="12">
<name>choi</name>
<email>choi@cau.ac.kr</email>
</teacher>
- <teacher id="23">
<name=kim</name=
<emailzkim@cau.ac.kr</email>
</teacher>
</teachers>
- <students>
- <student id="1">
<namex>jeon</name:>
zemailzsmile@korea.com</email>
</student>
- <student id="2">
<name=lee</names=
<email>sun@korea.com</email>

<fstudent>
</students>
</school>
XML & A
! XML E2| =2l RDBMS = 2 O & o=

<» DOCID NODELEWEL \TAGHNAME |TEXT NID RMDNID PARENTNID TYPE

» 1 school 1 21 -1 0
1 2 name cau 2 2 1 1]
1 2 location hueksuk 3 3 1 1]
1 2 teachers 4 12 1 1]
1 3 teacher 5 8 9q 0
1 4 id 12 B ] 5 1
1 4 name choi 7 7 5 0o
1 4 email choi@cau.ackr 8 8 5 1]
1 3 teacher 9 12 4 1]
1 4 id 23 10 10 9 1
1 4 name kirm 1 11 9 1]
1 4 email kimi@cau.ac. kr 12 12 9 1}
1 2 students 13 21 1 1]
1 3 student 14 17 13 1]
1 4 id 1 15 15 14 1
1 4 name jeon 16 16 14 1]
1 4 email smile@korea.cor 17 17 14 1]
1 3 student 18 21 13 0
1 4 id 2 19 19 18 1
1 4 name lee 20 20 18 0
1 4 email sun{@korea.com 21 21 18 0

HOl= 10 5=

XPath “/schoolfstudentsfstudent” & 0}Z10] 2!
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DOCID NODELEVEL TAGNAME TEXT NID RMDNID PARENTNID TYPE
1 school 1 a 10
1 2 name cau 2 2 1 0
1 2 location hueksuk 3 3 1 0
1 2 teachers 4 12 1 0
1 3 teacher 5 8 4 0
1 4id 12 b b 5 1
1 4 name choi 7 7 5 0
1 4 email choi@cau.ackr § g § 0
1 3 teacher 9 12 9 0
1 4id 23 10 10 9 1
1 4 name kirm " il 9 0
1 4 email kim@cau ackr 12 12 9 0
1 2 students 13 21 1 0
1 3 student <student id="1"><name>jeon¢/name><email>smile@korea com</email> ¢/student> 14 17 13 2
1 3 student <studentid="2">¢<name>lee</name><email>sun@korea.com</email></student> 18 21 13 2
Hol= (1501 &2
B XPath “fschoolfteachersfteacher” & 0}210]8!
DOCID |NODELEVEL TAGNAME |TEXT NID RMDNID [PARENTNID |TYPE
1 schoal 1 2 400
1 2 name cau 2 2 1 0
1 2 lncation hueksuk 3 3 1 0
1 2 teachers 4 12 1 0
1 3 teacher ¢cteacher id="12">¢name>choi¢/name> <email> choi@cau.ac kr¢femail? ¢teacher> 5 8 4 2
1 3 teacher ¢cteacher id="23">¢name>kim</name> <email>kim@cau.ackr¢/email> ¢teacher> 9 12 4 2
1 2 students 13 21 1 0
1 3 student (sludentid="I")(name)Jem(]name)(emai\)smi\e@korea com</email></student> 14 17 13 2
1 3 student <student id="2"><name>lee<name><emaib suni@korea com</email></student> 18 21 13 2
HOIE (9 £2)
XPath “fschoolfstudents™ 2 017104
DOCID NODELEVEL | TAGNAME TEXT NID RMONID PARENTNID | TYPE
1 schoal 1 21 1 0
1 2 name cau 2 2 1 0
1 2 location hueksuk k] 3 1 0
1 2 teachers q 12 1 0
1 3 teacher teacher id="12"><name>choi¢/name> <email>choi@cau,ac kr¢femail> teachery 5 8 4 2
1 3 teacher cteacher id="23"><name>kim</name> <email>kim@cau ac kr¢femail><teacher 9 12 4 2
1 2 students <students»<student id="1">¢name>jeon</name> <email>smile @karea com<femail>¢/students <studentid="2"¢n 13 21 1 2
"Hol= (7 £3)
XPath “fschool” 2 0}7}0] 4!
DOCID |NODELEVEL |TAGNAME TEXT NID |RMDNID PARENTNID |TYPE
1 school <school><name>cau¢/name><location>hueksuk¢/location» <teachers><teac 1 21 -1 2

HoIS (10 53)

(a3 20> XML Hlolefe] MZEH ofz7told
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category
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(a2l 21) auction A2 =
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(B.E 3) auction M9 o

<7xml version="1,0" standalone="yes"?»

{sitey

{items

<item id="tem(r'>

¢locationyUnited States{ Aocationy

<quan ity 1</quantity>

<namedutenus nine eighteen <name)

<paymentyCreditcand<fpayment

{description)

< pariisf:

<listitem

st

page rous lady idie authority capt professes stabs monster pefition heave umbly remaves rescue runs shady peace most piteous worser oak assembly holes patience but malice
wfl)oresun mirrors master tenants smocks yielded  officerembrace such feers distinction atires
ety

¢ flstitem’y

<lisfitemy

ety

shepherd noble supposed dolage humble servius bitch theirs venus dismal wounds gum merely raise red bresks earh god folds closet caplain dying reek

ety

<listitzmny

<fparlisty

¢/description

<shipping»Will ship intematonally, See descripion for charges</shipping?

<incategory category="calegory 537>

<incategory category="categony 417>

<incategony categony="categony 977>

<incategony categony="categony 787>

<incategory categary="calegony 1’/

{mailbo

{mally

< from > Libero Rive mailto: Rive@hitachi,com</fram}

toyBenedikie Clew mailto:Glew@sds.nod Aoy

¢ date> 07/05/ 2000 /date

st

virgin preventions half Iogotype weapons granted factous already carved fetted impress pestient  girdles deserts flood gearge nobility reprieve  discomfort sinful concely com
preventions greatly suit observe sinews enforcement armed  gold gazing set elmost catesby tymed servilius cook doublet preventions shrunk smooth great choice enemy disguis tender
might deceit ros dreadful stabbing fold unjusty nffian life hamlet containing leaves

ety

£fmaily

¢/mailboxy

{fitemy

<item id="item1">

{lcationMaldovs, Republic OKAocation)

<quan ity 1</quantity>

¢namepeondemn ¢/name

<paymentyoney order, Creditcard, Cash</payment>

{description)

ety

gald promofions despair flow tempest pitch concluded dian wenches musing author debase get boum openly gonzago determine conceit pancel continue ophies bade cries memily signet
sportive valor planetany hastings empire vow merciless shoulders sewing player experience hereford dorset sue hom humerous fiend intellect venture invisible fathers luciivs add jests
villing ballad greek feelingly doubt cirzumstances hearty briteines trajans fune worship canst fance pay prageny wisdom stir mov impious pramis clothes hangman trebonius choose men
fitz preparation

ety

¢/description

<shippingill ship only within country, Buyer pays fixed shipping charges, See descripion for cherges</shipping»

<incategory category="categony 957>

{incategory catega
{incategory catega
{incategony catego
<incategory category="categony 207>

{mailboy

<{mally

<fromJavam Sumanda mailto:Suwanda@gmu,edu</from

<o>Mefrdad Glew mai to: Glew@cohera,.com< /o>

¢ date» 05/26/2001 fate >

texty

back greg flay across sickness peter enouah royel her embrace pitous die serdius avoid  leying chence dungeons pleasant thyself fllow purse steward heaven ambassador termble
doubtfully  milk sky clouds unbraced put sacrfices seas childish longer fiout heaw pitch rozslind ordery music defiveny appesse confound brook balance braveny bench bearing
compounds attentive leamed senses concave boughs discourse punishment physic further reading chair discords insfuments banknupts countrymen homid royalties necessity tend cap
cunously waken heresithal horse gaher uncleaniiness chief raffc where nuptial either remember peedess doing  preparation rejoice gallants shepherd barbanan frd  min coxcomb
exzess childish camions imaginany wooden preventons bounteous sounded consider sayings fishified fine pime may  ponderous doubtful rite dotsge discipline choughs mew hers vill
diszontent manage beafrice straight muse shame: prays maecenas any conveyance fingers whersupon child case season presenty victory women beatng  deprive almost wed dreams
dlew

ety

<fmaily

¢ fmailbay

{fitemy

(8l 22) auction A2 9
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