432

BEAGI=EA : vloleuol~ A 31 A A 4 Z(Q0M8)

XML dlojel He|A2El3 {44
dlojehulo] 2ol 9] S-§

(An XML Data Management System and Its Application to
Genome Databases)

ol A 8" Zegza" ol Z M™ == ayMg™

(Kyung-Hee Lee) (Tae-Kyung Kim) (Sun-Shin Kim) (Chung-Sei Rhee) (Wan-Sup Cho)

haid
442

! o HAZE XMLY 4% Fitog g DBMSE ©]4F XML dlolel Bajel Paido] o}
A3 Yot 71£8 DBMSE ©|8% XML, A% 2 F4d @3 AFE2 A FHoY 45 ZHAA
old AT EAHE 7AZ Utk 3, #4 DBMSE ol&3l= 3% BFF XML EA4S 7193 Ho)
£ ¥eE adste dojd =d Edy o ag Ao WP EFAol FAFeE AFHy ok B
EF9ME UniSQL ORDBMSE o] 43 DTD 9j&3 dolel #] A2"Q Xingg A¢d} Xing Al
259 A& ORDBMSY AA 329 433 $4& o|83lez XML dHolelE A 2d= ugsh= A
o] a3ttt &g DTD &3 AA 27|08 AR XML A3 ¢ugFe] dsta, A4L 9
@ do H¥x gojatt. 53, XingolMe SAX HAE ol&3to wWEE F37t & 1{9 Xing E
g5 g3tz dzke XML HlelE WaA AFE 5 Qlvh 28lx, AQANE XML e = wagt
o245 FAF XML dole A2 Z AR F Atk GenBankd] #3HA XML Holeld] thdly
Xing& ol &% A% TA dolguo)l2z AFH Ao AAY5& ving dd A A2Ho| F
3 10W 7R 2 A2 By

A= © XML, AA-34 dlo]eld )2, XQuery, AE A9

Abstract As the XML data has been widely used in the Internet, it is necessary to store and
retrieve the XML data by using DBMSs. However, relational DBMSs suffer from the model difference
between graph structure of the XML data and table forms in relational databases. We propose an
ORDBMS-based DTD-dependent XML data management system Xing. Xing stores XML data in a
DTD-dependent form in an object database. Since the object database schema has a graph structure and
supports multi-valued attributes, mapping from an XML data model and queries into an object data
model and OQLs is a simple problem. For rapid storing of large quantities of the XML data, we use SAX
parser with customized Xing-tree which requires a small memory space compared with the DOM-tree.
Xing also returns the query result in an XML document form, We have implemented the Xing system
on top of UniSQL object-relational DBMS for the validity checking and performance comparison. For
XML genome data from GenBank, and experimental evaluation shows that Xing can provide significant
performance improvement (maximum 10 times) compared with the relational approach.

Key words : XML, ORDBMS, XQuery, Path Query
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(Query 1)

FOR $d IN DOCUMENT("GBSeq.xml")/ /GBSeq
WHERE $d/Gbseq_moltype/value="DNA’
RETURN $d/locus, $d/moltype/value
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(SQL-Query 1)

select GBSeq.locus, moltype.value

from GBSeq, moltype

where GBSeq.gbseqpk=moltype.gbseqfk and
moltype.value="DNA’;

dldo] Queryl€ OQLE wEsid ZHz4e OQL:
Query 13} Zo] A9 WA geoenz FAoHPo] &
o' &t

(OQL:Query 1)
select GBSeq.locus, GBSeq.moltype.value
from GBSeq
where moltype.value = 'DNA’;
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for s,in S, {
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Define_MultiValued_Attribute( s ., ¢);
else Define_Attribute_of_Class(s , €);
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Jelse {
Define_Attribute_of_Class( ¢, p,);
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m_GBReference_title
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{m_GBSeq_ref s}
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METHOD :

for $e in $p{
case AtomicType return $a;
case ComplexType return $c;
case MultipleType return Table($pe.$e) as $r($a);
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(XQuery)2l 2424 : GbSeq/GbSeq_moltype/value

='DNA’
(OQL)9] =4 : GbSeq.GbSeq_moltype.value
='DNA’
(SQL)9] =713 : GbSeq.gbseqPK
= GbSeq_moltype.gbseqFK and
GbSeq_moltype.value="DNA’
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A7IqE Xing MaWel H5E Hrlshe d4¥g &
A3k A5B7te FR £33 XML dojelE AA dl
oleilolz ez HFsle Walw A ojolehuo]x
Rl 2 A oo A5 2olE B4ty Yol

@A dolelola AFlnke [7]01A] ALE yes
s, A vlojeldlo}s 27)ule Xing Al

dt_qualifier.n_gbqualifier_name feature.n_ghfeature key dat_qualifier.n_gbqualifier_velue gbrefarence.n_gbreferonce_reference ghreferen
 _ghauthor

ce.n_ghreference_authors.n

’bound_moiety’ ’mizc_binding’ "ol8’

’bound_moiety’ ’misc_binding’ ‘D’
Suske ¢}

’bound_woiety’ *wisc_binding’ ‘Dip’
» "Suske,€.'}

’bound_moiety’ *misc_binding’ ‘o’
erver,LLE. ", “Uhitaker,L.’}

"bound_moiety’ *misc_binding’ DA’

‘5 (bases 1 to 2906)° {'Beato,M.’, 'Magen,C.’, 'Wuller,$.’, ’Suske,C.’}
’4 (bases 1 to 2986)° {'Crzecchik,K.K.’, "Kalff Suske.M.', '¥unz,d.’, *

’3 (basos 1 to 2%6)" {'Beato,M.’, 'Dennig.J.’, "Hagen,C.’, 'Preiss.f.’
‘2 (bases 1 to 2986)° {'Farber,0.B.’, 'Gribanova,¥.E.’, ’Knox,B.E.’, ‘L
"1 (baxes 1 to 2996)°

Ubehal A, 'Bernstein,S.L.", *Bouffard,C.", 'Pe

terson,K.”, "Ray,S., “Swith,D.”, "Youchean,J.l.’, ‘Vistow,C.’, ‘Wyatt H.X.}

5 rous selected.
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=== <SELECT Woj2| it (2] 1 P> ===

ghqualifier_nawe ghfeatuwre_key ghbqualifier_value gbreference_reference ghauthor
"bound_molety’ *misc_binding’ ‘DNR’ 'S5 (bases 1 to 2986)" ‘Hagen.G.’
*bound_molety’ *mise_binding’ ‘DR’ 'S (bases 1 to 2986)° ‘Nuller,S.’
’bound_moiety”’ *mizc_binding’ ‘DR’ 'S5 (bases 1 to 2986)° ‘Beato.M.’
’bound_moiety” ‘misc_binding”’ “DNA* ’S (bases 1 to 2986)° ’Suske,G.’
‘bound_molety’ *nisc_binding’ *DHA’ ’4 (bases 1 to 2906)° ’HKalff_Suske.M.’
*bound_moiety’ *misc_binding’ *DNA’ ’4 (bases 1 to 2986)° ’‘Kunz,J.’
‘bound_moiety’ ’misc_binding’ ‘DA’ ’4 (bases 1 to 2986)° ’Grzeschik,K.H.’
‘bound_moiety’ ’misc_binding’ ’DNR* ’4 (bases 1 to 2986)° ’‘Suske,G.’
‘bound_moiety’ ’mizc_binding’ *DNRA’ ’3 (bases 1 to 2986)° ’‘Hagen,G.’
’bound_moiaty” ‘mizc_binding” ‘DNR’ *3 (bases 1 to 2986)° ’‘Dennig.J.’
’bound_molety”’ *misc_binding’ *DNR’ *3 (bases 1 to 2986)° ‘Preiss,A.’
’bound_molety’ ’misc_binding’ *DNA’ ’3 (bases 1 to 2986)° ’Beato,M.’
’bouvnd_moiety’ ‘misc_binding’ ‘DR’ ’3 (bases 1 to 2986)° ’Suske,G.’
*bound_moisty’ ‘misc_binding’ ‘DNR’ *2 (bases 1 to 2986)° ’Lerner,L.E.’
*bound_maiety’ ‘mizc_binding’ *DNR’ *2 (bases 1 to 2986)° ’'Gribanova,Y.E.’
’bound_moiety’ *misc_binding’ ‘DNA’° *2 (bases 1 to 2986)° ’UWhitaker,L.’
"bound_moiety’ *misc_binding’ ‘DNQ’ *2 (bases 1 to 2986)° ‘Knox,B.E.’
"bound_moiety’ *misc_binding’ ‘DNR’ ’Z (bases 1 to 2986)° ‘Farber,D.B.’
’bound_moiety’ *misc_binding’ ’DNG’ ’1 (bases 1 to 2986)° ’Mistow,G.’
"bound_moiaty’ ‘misc_binding’ ‘DNA’ ’1 (bases 1 to 2986)’ ‘Bernstein,S.L."
*bound_moisty’ ’misc_binding’ ‘DHA’ ‘1 (bases 1 to 2986)° ‘Uyatt.M.K.’
‘bound_moiety’ ‘wisc_binding” “DNA’ ‘1 (bases 1 to 2986)° ’Ray,S.’
’bound_molety’ ’mizc_binding’ ‘DA’ ’1 (bases 1 to 2986)° ’Behal.n.’
’bound_moiety *‘mizsc_binding”’ “DNA’ ’1 (bases 1 to 2986)" ’Touchman,J.N.’
‘bound_moiety” *misc_binding’ “DNR’ ’1 (bases 1 to 2986)° ‘Bouffard,G.’
’bound_moisty’ *misc_binding’ DN’ ’1 (bases 1 to 2986)° ‘Smith,D.’
*bound_moiety” "mizc_binding’ *DNR’ ’1 (bases 1 to 2986)° ’‘Peterson,K.’

27 rows selected.

L Aol 7} =00 Tolguct.
FhIeqlx>

¥ 4 SQL A9Aan

¥ 3 N2" ALR

E 4 AA dlojetdio]xst HA djolE Wo] 28]

28 A 2 AE FNERE vn

L2 49841 498732 DRZ = A7) R I

0S SunOS 5.7 Windows 2000 server dloetuolx | & TEp ol 2A8(%)

RAM | 1GB 540MB dole8% class | @object | table | ®record | = @&/®
CPU 400Mhz * 2 PentiumlV 2.4GHz S0MB 9 208,074 21 415,010 509%
DBMs | UMiSQL ORDBMS | UniSQL ORDBMS eoMB | 9 | 47665 | 21 | o6 | 46%
UniSQL RDBMS MS SQL-Server 20MB | 9 717595 ] 21 | 1625513 | a4%

2710k A4 daFe AR¥T 283, FIE )29 BA doeWolre FREFASE HmE Ao

XML dHlojets @4 uvlolglulo)x e} A dlo]e}
ol 2 Zbzt HAsle] F 304 AAIR AFE
-17 AP#AE-200 AN JAen I 87FE ¥
At 4R E F /AR ¢ AL 5% RDBMSY
BFo 2 15 XML Holelt AFge] 7§t Al&Fo2
A ORDBMS9] AEe] ¥A & 54 Hrpl sHe &
FE UAF] 7 Aol

A¢tgt W43 RDBMSE ARgsle 5 7FA AR
Aol AFg dinsle A¥e EHA AES dojg
#]o]2Ql GenBankZRE ZHAF GBSeqXMLE2
A dolels Xing AN2¥9g E3 5 DBMSS
UniSQL® MS SQL-Serverol ztzt A4 % A%
F3e) EEF A9 Al A5g vim £43th A
olele APB7A-1914%E S0MB, 160MB, 240MBst 2
ol ThF3 =719l dHolgE Algdtn, AFPH-2=
1GB9] AFdlolels ARl

4.1 ZRgs

E 4= FY3 XML wlolglo} tiste] 24 Hojeh)

t}. GBSegXML DTD(#E 1)E A djojgho]~ =
7otz oY A FA271 9, A diolehwlo)x
27)ut2 )PF F$ BlolE 7 2170k

#A dlojeElolA= TFt ALEA gouz olF
o7 93 99 golBo] AT o2 U8 & 4
o x9l o] #A dlolehHo]29] EHolB 47} A |
olepdo) 29| Falg SR RolxA "ok I3,
AA) doleghlo)As tFEYe shie AME THFY
& AT, BA dolgdol2= tighe] A4 s 3
UE oE dzss sl dAsy) g gz
9] A= HS golxA "k

T 4904 diojete] §o] BOMBS A% A wolet
Wej27t BA wlolelwlojzo HIste FE57}F 50%7
2, 240MB?] A 44% A% RAFa Qo &, o
olele] fFo| EF #A dloleiH|oj2o) H|Ble A
tojetuio] 2] BE 471 €S ZAHEL ¢ £ Uk

4.2 ARHEEE

Ao ALEF Aol XML AooA g AlgEE



440 AR NI =F A dojejwjo] 2 A 31 A Al 4 T(AMY)

5 7R f¥od, e gl AYES tISA W
AstdA Fo 45L& FHAh
ARF3-1. B249 A=z MgH(predicate)

& B3, olF WEde FR4A ExE AAS AY

e Ao

(organisime] Algl M 29 qualifierd &)

FOR $d IN DOCUMENT("GBSeq.xml")//GBSeq

WHERE $d/GBSeq_organism="Human’

RETURN $d/GBSeq_feature_table/GBfeature/
GBfeature_quals/GBqualifier_name
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FOR $d IN DOCUMENT("GBSeq.xml")/ /GBSeq

WHERE $d/feature_table/feature/feature_quals

/Qualifier_value="mRNA’

RETURN
$d/feature_table/feature/feature_quals/gualifier_name/,
$d/feature_table/feature/feature_key,
$d/feature_table/ feature/ feature_quals/qualifier_value,
$d/references/ reference/reference_authors
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(5% 1) GBSeqXML dtd

<|— -—>
<!— This section mapped from ASN.1 module NCBI-GBSeq —>
<l -—
<l-- Definition of GBSeq —>

<t—

ARKARKAKKKAKRAAR AR RA I AR RKARR AR KRR KA Ak hhkkhhdkdk

ASN.1 and XML for the components of a GenBank format
sequence

J.Ostel | 2002

AAREKKRRARN KA AAKARRRARRARARAAAA AR kA hkhhkhkhhhkhkkhkk
—>

<|ELEMENT GBSeq (

GBSeq_locus ,

GBSeq_length ,

GBSeq_strandedness? ,

GBSeq_mol type? ,

GBSeq_topology?

GBSeq_division ,

GBSeq_update-date ,

GBSeq_create-date ,

GBSeq_definition ,

GBSeq_pr imary-accession? ,
GBSeq_accession-version? ,

GBSeqg_other-seqids? ,

GBSeq_secondar y-accessions? ,

GBSeq_keywords? ,

GBSeq_segment? ,

GBSeq_source ,

GBSeq_organism ,

GBSeq_taxonomy

GBSeq_references ,

GBSeq_comment? |,

GBSeq_primary? ,

6BSeq_source-db? ,

GBSeq_feature-table? ,

GBSeq_sequence? ,

GBSeq_contig? )>

<!ELEMENT GBSeq_locus ( #PCDATA )>

<|ELEMENT GBSeq_length ( %INTEGER; )>

<VELEMENT GBSeq_strandedness ( %INTEGER; )>
<IATTLIST GBSeq_strandedness value ( not-set
|single-stranded |double-stranded |mixed-stranded )
#IMPLIED >

<IELEMENT GBSeq_moltype ( %INTEGER; )>

<IATTLIST GBSeq_moltype value ( nucleic-acid |dna
Irna |trna Irrna Imrna lurna Isnrna Isnorna lpeptide
) #IMPLIED >

<)ELEMENT GBSeq_topology ( %INTEGER; )>
<IATTLIST GBSeq_topology value ( linear |circular )
#IMPLIED >

<IELEMENT GBSeq_division ( #PCDATA )>

<IELEMENT GBSeq_update-date ( #PCDATA )>
<|ELEMENT GBSeq_create-date ( #PCDATA )>
<!ELEMENT GBSeq_definition ( #PCDATA )>
<IELEMENT GBSeq_pr imary-accession ( #PCDATA )>
<!ELEMENT GBSeq_accession-version ( #PCDATA )>
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<!ELEMENT GBSeq_other-segids ( GBSeqid* )>

<!ELEMENT GBSeqg_secondary-accessions (
GBSecondary-accn* )>

<!ELEMENT GBSeq_keywords ( GBKeyword* )>

<!ELEMENT GBSeda_segment ( #PCDATA )>
<|ELEMENT GBSeq_source ( #PCDATA )>

<|ELEMENT GBSeq_organism ( #PCDATA )>
<ELEMENT GBSeq_taxonomy ( #PCDATA )>

<IELEMENT GBSeq_references ( GBReferencet )>

<IELEMENT GBSeq_comment ( #PCDATA )>
<|ELEMENT GBSeq_primary ( #PCDATA )>
<!ELEMENT GBSeq_source-db ( #PCDATA )>

<!ELEMENT GBSeq_feature-table ( GBFeaturex )>

<=

Optional for other dump forms

—>

<'ELEMENT GBSeq_sequence ( #PCDATA )>
<'ELEMENT GBSeq_contig ( #PCDATA )>

<!—— Definition of GBSecondary-accn —>
<'ELEMENT GBSecondary-accn ( #PCDATA )>

<!— Definition of GBSeqid ——>
<!ELEMENT GBSeqid ( #PCDATA )>
<'—— Definition of GBKeyword ——>
<'ELEMENT GBKeyword ( #PCDATA )>
<'— Definition of GBReference —>
<'ELEMENT GBReference (
GBReference_reference ,
GBReference_authors? ,
GBReference_consortium? ,
GBReference_title? ,
GBReference_journal ,
GBReference_medl ine? ,
GBReference_pubmed? ,
GBReference_remark? )>

< ELEMENT GBReference_reference ( #PCDATA )>
< ELEMENT GBReference_authors ( GBAuthor* )>
< ELEMENT GBReference_consortium ( #PCDATA )>
< ELEMENT GBReference_title { #PCDATA )>

< ELEMENT GBReference_journal ( #PCDATA )>

< ELEMENT GBReference_medline ( %INTEGER; )>
< ELEMENT GBReference_pubmed ( %INTEGER; )>
< ELEMENT GBReference_remark { #PCDATA )>

< —- Definition of GBAuthor ——>

< ELEMENT GBAuthor { #PCDATA )>

< — Definition of GBFeature —>
<_ELEMENT GBFeature (

GBFeature_key ,

GBFeature_location ,
GBFeature_intervals? ,
GBFeature_quals? )>

< ELEMENT GBFeature_key ( #PCDATA )>

< ELEMENT GBFeature_location ( #PCDATA )>
< 'ELEMENT GBFeature_intervals ( GBintervalx )>
<'ELEMENT GBFeature_quals ( GBQualifierx )>

<!— Definition of GBInterval —>
<'ELEMENT GBinterval (

GBlInterval _from? ,
GBInterval_to? ,
GBInterval_point? ,
GBInterval_accession )>

<'ELEMENT GBiInterval_from ( %INTEGER; )>

< 'ELEMENT GBInterval_to ( %INTEGER; )>

< ELEMENT GBInterval_point ( %INTEGER; )>
<'ELEMENT GBinterval_accession ( #PCDATA )>

<!—— Definition of GBQualifier ——>
<!ELEMENT GBQualifier (

GBQual i fier_name |,

GBQual ifier_value? )>

<IELEMENT GBQualifier_name ( #PCDATA )>
<IELEMENT GBQualifier_value ( #PCDATA )>
<!-— Definition of GBSet —>

<!ELEMENT GBSet ( GBSeqt )>
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