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Processing Queries Including User-defined Foreign Functions
on XML Views over Relational Databases

JUN KAWADA, "7 YOSHIHARU ISHIKAWA't and HIROYUKI KITAGAWA't

With the increased popularity of XML, XML publishing of RDBs has been attracting a
lot of research interests. One of typical approaches is to use a middleware system to render
XML views over RDBs and to allow users to access data with XML query languages such as
XQuery. The query processing is done efficiently by making the best of the querying power
of RDBMSs. Namely, XML queries are translated into SQL queries and tagging operations,
which are processed by the RDBMSs and middleware, respectively. In some XML query lan-
guages including XQuery, use of user-defined foreign functions is enabled or planned as an
extension feature to cope with domain dependent semantics. Foreign functions are defined for
XML fragments, and their implementations are often given by codes in a general program-
ming language. The existing query processing schemes on XML views do not consider cases
where foreign functions are included in XML queries. In this paper, we propose extended
schemes to process XML queries in such cases. In the proposed schemes, the middleware
takes care of processing foreign functions as well as tagging operations. Therefore, the pro-
posed schemes are applicable to XML views on commonly available RDBMSs. Three types of
query processing schemes are proposed, and their performance is studied with experiments.
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Fig.1 An example of relational database.

o1: <O0O0O>

02: <O id="C0100">

03: <00>0000</00>

04: <OJO>16</00>

05: <00oo»>

06: <O00><x00>100</X00><y00>400</Y00O></00>
07: <0 0><x00>100</X00><y 0 0>200</Y00></00>

09: </0ooo»>

10: <0ooo>

11: <00 id="I0015"><000>A000</000></00>
12: <00 id="I0016"><000>H00</000></00>

14: </00og>
15:  </0>

17: </000>

02 XMLOOOOO
Fig.2 An example of XML view.

01: <O 0>{

02: for $ U in view("OOO")/000/0

03:  where isWider($ 0O /0000010000, "km")
04: and $ O0/00 >= 10

05: return <O 00>

06: $ 0/00

07: $ 0/0000

08: </000>

09: }</00>

03 0DO0O0oOoobooo

Fig.3 An example of user query.
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Fig.5 One-step processing
method.

04 0OO0OO0OODO
Fig.4 Two-step processing
method.
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<0gooo>
<oo>
<X0 0>1</X0 0
<yODO>1</YO O
</00>

</ﬂuuu>

<00>0000<00>
<0ooo>

<00 id="10015">
<000>A000</000>]

06 0O0OD0O0OODDOOODODODODOOOOOO
Fig.6 Query processing with two-step processing method.
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Fig.7 Query processing with one-step processing method.
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01: <db> 01: create view 000 as (
02: <0d> 02: <0odo»>
03: <row> 03: for $§ 0 in view("default")/O /row
04: <0 ID>C0100</0 ID> 04: return
05: <00>0000</00> 05: <0 id=$ 0O /0 ID>
06: <O 0>16</00> 06: <00>$ 0/00</00>
07: </row> 07: <00>$ 0/00</00>
08: 08: <0oogd»>
09: </0O> 09: for$ U0 in view("default")/00 00 /row
10: <0ooo»> 10: where$ O /0 ID = ¢ 00O /0 ID
11: <row> 11: return
12: <[ 1D>C0100</00 ID> 12: <0 0>
13: <X 00>100</X 00> 13: <XxOO>$ O0O/Xx00</x00>
14: <Y 0 0O>400</Y 00> 14: <yOO»>$ O0O/y0O0O</yono>
15: </row> 15: </00>
16: 16: /000>
17:  </0000> 17: <0ooog»>
18: <O0> 18: for $ 00 in view("default")/00 /row
19: <row> 19: where $ 0 /0 ID = $ 0O /0 ID
20: <00 1D>I0015</0 0 ID> 20: return
21: <000>000</000> 21: <00 id=$ 00O/00 ID>
22: <0 1ID>C0100</0 ID> 22: 000> 00/000</000>
23: </row> 23: </00>
24: 24: </0ooo»>
25:  </00> 25: </0>
26: </db> 26: </000>
08 00000 XMLOOD 2r: )

Fig.8 Default XML view.
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Fig.9 XQuery for the XML view definition.
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Fig.10 XQGM for XML view definition.

O XQGMOOO0O0XQGMOO 100000000
gobbooooooooooooboboobobooooo
gooooobi10o0noooboooooboooon



20 gooooooooooooooo

01 XQGM OO0
Table 1 XQGM operators.
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Table 2 XML functions and their corresponding

operators.
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cr8Elem(Tag, Atts, 000 TagDOOOOO AttsO | project
Clist) 0000 Clist00D00oooo

cr8AttList(A;, ..., | 00000000O000O0000
An) oooog

cr8Att(Name, Val) 000 NameOODOO Val OO
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goooo XML OOOODOO
oooooo
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00 Elem 0000000

project

project

cr8XMLFragList(
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project

aggXMLFrags(C) groupby

getTagName(Elem) project,

select

getAttributes(Elem) | 00 Elem 000000000 project,

select

getContents(Elem) Elem 00000 (0D00OOO0O project,
0)O0 XML OODOOOOOO select
oooa

00 Att0Ooooooo

getAttName(Att) project,

select

getAttValue(Att) 00 Att 0000000 project,
select
E0OO0OO0ODOODOD trued00od select
000 false0DO0O
TOOO0OO0OO0O000 true 00 | select
00000 false 00O

000 List 00000000

isElement(E)

isText(T)

unnest(List) unnest

01: <O 0O>

02: <XOoO»>100</x00>
03: <yO O >400</Y0 0O >
04: </00>

05: <0 0>

06: <X0O0O>100</X0 0>
o7: <Yy oO»>200</Y0 0>
08: </00>

09: ...

011 00000 XMLOOOOOOoOoOOoOo
Fig.11 XML fragment list of an intermediate result.
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Fig.12 XQGM for user query.
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Table 3 Function composition rules.
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getTagName |cr8Elem(Tag, Atts, Clist) Tag
getAttributes|cr8Elem(Tag, Atts, Clist) Atts
getContents |cr8Elem(Tag, Atts, Clist) Clist
getAttName |cr8Att(Name, Val) Name
getAttValue |cr8Att(Name, Val) Val
isElement cr8Elem(Tag, Atts, Clist) True
isElement cr8Elem 00O False
isText PCDATA True
isText PCDATA OO False
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01: for $ O in view("ODDODO™")
02: where $ 00O /0/00 >= 10
03: return $ O

0 13 XPERANTOOOODOOODOOOO
Fig. 13 Sample query assumed in XPERANTO.
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e where O OOOODOOO 100000 OOwhere



Vol. 43 No. SIG 12(TOD 16)

oboooboooobOooboboooobooooo
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godoobOoooOobOooOoOoooOobooooDbo
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opoo0oD0D3.300000 XPERANTOOOOOO
goboooooooooooooooooboboooo
00000o0oOoo0OOo Aloooooo4a0000
OUOOOXPERANTOOOODOOOOOOOOOO
ooooOo0oob0oO0ooooooogoo spooooo
e vhere IO ODOOIDOOOODOOOODOOO
e returnJ0000000O0OCOOOODOOO
O00000000 whereOUO return OO OO
Jooooooooooooooooodg
e vhere 00000 DODODODODOODDOODOOO
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4.2.1 O0O00O00OO
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00000000000 decorrelationdO OO0 OO
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project:
12 |$000 =<000>...

[s010[s00 [$00 [scoordElems [sinstEtems |
11 lleft outer join: $0 1D=$0 ID ‘

[soip]soo [s00 [scoordEtems |
10 l right outer join: $0 1D=$0 1D ‘

$0 1D |$CoordElems
groupby (on $UJ ID): groupby (on $LU ID):
$CoordElems=aggXMLFrags($CoordElem) $InstElems=aggXMLFrags($InstElem)

5 9

$0 1D |$InstElems

$0 1D |$CoordElem
project:
$CoordElem= $0 D $InstElem
<0o0> project
<XOO>$X00</XO 0> $InstElem=

<yOO>$yOO</YODO> <00 id=$0 0 1D>
</00> <000>$000<000>
</00>

4

8
_juin: $01D=$0 ID

table: 0000

6 [table: 00

014 00000 XQGM OOOOOOO
Fig. 14 Decorrelated view definition XQGM.

O000000000000000000 XQGMO
o0oooo XQGMOOoOoooooooooooooo
Oo0oooOooOooOoOooOoOooOoOoooooOoOoo
O000O00ooO0oo0ooOooooooooooog
ooog

00000000000 10000000 XQGMO
014000000000000000 1000 corre-
lated join 000 OO0 OOOOODOOOOOOOO
0000o000o0oooooooooooooooo
0000000000 Oo0ooooooooooooo
O000000O00oO0OoOn left/right outer join O
000000000 D®00000000nooooon
oo0o0ooO0oooOoOo0ooOooUoooOoOoooOoO
0 1000000000000 ooooooooo
00ooU0oooOoIboooooooooooooo
oo0o0o0po0ooo0o0oocO0O0000 140000 700
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000000000000 IboO0O0O0O 809000
0000000000000 D000 110 left outer
jom0 0000000000000 0O0OOOOOOO
00000000000 0ooo 1200000000
O000000000000000 100000 100
correlated join 0O OO0 O0O0OO0OODODOOOOO
ooo0o0ooooO0o0O0ooooooooooO
00000000000 00000ooDo0D 14000
0O 110 left outer join 0000000000000
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gooooooooooooooo

project: $0 0 =
<00>$000000<00>

$000000

Dec. 2002

groupby:

s0o0oooo

=aggXMLFrags($(] (1 (1) ‘

23

left outer join:

22|

$000

left outer join:

intersect:

WHERE

$000
select:

$000

select:

isElement($0 0 O) and S
isElement($0 0 0) and

getTagName($U 0 0)="0 00 0" : ,
and iswider( getTagName($0 0 0)="00
getContents($0 0 0 ), 10000, *km") and getContents($0 0 ') >=10

$000

7 10
$000

unnest:

$000=unnest($000000)

unnest:
$000=unnest($000000)

|

6 9
$000000 $000000

project:

project:
$0 0 000 0O =getContents($0 )

$0 0 0 00 0 =getContents($0 )

select:
isElement($0 )

unnest:
3 $0 =unnest($0 0 0 0)

$0000
project:
$0000=
getContents($0 0 )

N}

$000
1 [Vew: 00T ]

sooo | s0o0 | RETURN

select:
isElement($0 0 0 ) and
getTagName($0 0 0)="0 0"

select:
isElement($0 O O ) and
getTagName($U 0 0)="0 00 0"

18 21

$000 $000

unnest: unnest:

$000= s000=

unnest($0 0000 0) unnest($0 0000 0)

17 20

soo0oooo $000000

project: project:

sooDooo= soooooo=
getContents($0 ) getContents($0 )

19

select:
isElement($0)

.

5

unnest:
$0 =unnest($0 0 0 0)

$0000
project:

s00o00=
getContents($0 00 )

sooo
12[Vew 0T

015 000000 XQGMOOOooooo
Fig. 15 Decorrelated user query XQGM.
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0000000000 0000D000000 0Owhere
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left outer join 00000000000 OO0OOOO
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oooboog 2300000000000000O 230
goobooOoooOOoOoobboOobOoobobooooo
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where 000000000 O0OOODODOOOOOOO
000000000000 230000booOoooon
ooOdooOdbOOoooOoOobOOoOoooooooooag
0000000oooooooooooooooog
O00000000left outer join 00000000 12

ooob0o 11o00bo0 8oooobooobooo
gooooboooooooobooooboooboooo
00000 220 left outer join 0O O OO0OOOO
gO0b0ooOooOo0o0oooooooboooooboooo
OOwhere 00000 O0O0ODOOOQCOOCODODODDOO
00000O0000ooooO0oooooooooo
000000000 0oooOoooDO0oDOoooOooOg

4.2.2 00000

oooooooooboo 1sb0000 10 120
014000000000000300000000
O000ooDooooo XQGMO XMLOOOOOO
O0D0O00ooooO XQGMO XMLOOOOO
O0000U0oooooo 160 XQGMOOOOoOoOo
0000000 whereOO return OO0 00O ODOO
goooOooOooboobooooooboobooo

4.2.3 DO0OODOODOODODO
330000000000 DbOooOoDooobooDoo
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project: $0 0 =
<00>$000000<00>

$000000
groupby:
171$00 0000 =aggXMLFrags($0) 0 1)

s0oad
project:
$000=
<0oo>
<00>$00</00>
<0000>$InsElems</0 00 0>
16 [</O000>

i

$0 1D [$0 0 | $InstElems
15/ left outer join: $0J 1D=$0 ID

$0 1D [$0 0
14| left outer join: $0 1D=$0 ID

WHERE $0 1D [$InstElems RETURN
$0J1D
8 intersect: $01D=$01D groupby (on $TTD):
$Ir ggXMLFrags($InstElem)
$01D 13
select: $0 1D [$InstElem
isWider($CoordElems, 10000, "km") project
6 $InstElem=
$0 1D [$CoordElems 12 <00 16=80 010>
groupby (on $01 ID)
=aggXMLFrags($CoordElem) 11
9 10

XMLOOOOOOOOOOOooooooooooo 25

$00

merge: $0 0 =
17 [<0O>$000000</00>

$000000
aggregate:
$00 0000 =aggXMLFrags($0 0 0)

=
>

$000

merge:

$000=

<0oog>
<00>$00</00>

existential 15| <000 O>$InsElems</0 000>
/imliniul

! '
$0ID | 7 : \ [$0 1D [$InstElems 14

select: aggregate:
isWider(sCoordElems, 10000, k) $InstElems=aggXMLFrags($InstElem)

$0 1D [$CoordElems | 6

aggregate: $0 ID |$InstElem | 13
$CoordElems ‘.‘ correlation ;ef?; ~
=aggXMLFrags($CoordElem; \ on$0 ID nstelem=
\ <00 id=$0 0 ID>...
corrdauon \
$0 1D [$CoordElem |5 on$D . i 12

merge:
$CoordElem=<000>...

. [somfsooip [sooo]

/[sop[suo ]
[input: $01D=$0 1D ]

,+ 9[linput: ]

4

[$D D [$><D 0 [svoo [~ r—Jsoiofso 0

$CoordElem

project:
$CoordElem=<[] [ >...

$0 1D

$0ID|$0 0 |$0 0 || $0 01D$0 O 0 [$0 1D
table: [ table: 00

SO |
3 |select:
$0 0>=10

016 000000 XQGM
Fig. 16 XQGM after view composition.

O0O0ORDBMSOOOOOOOOO XQGMOOO
gboooooooooobobobooooooooobo
goboooooouoooboooboboOooooooon
0000000000000 OoXPERANTOODOO
gooooooooboooooooboooooboobooo
oooooOboOO0000o0O00000O00000 XML
gobooooooooooooooobooooboboooon
goobooooooboooooooobooboobooo
project OO O OODOODOODODO XMLODOOOO
gboooooooooooooobooooooan
016000000 6000000 isWider() OO
oo0O0O00000 s00000000000 XML
gobooooboooooooooocoooooooon
goooooboobooooboobooooobooooooon
4.24 O00O0O0OOO0DOOOO
ooooboooooobooobooooobooooaro
gobooooboooboooooooooD 1600
00000 70 intersect 0000 O0O0O0O0DO0DO0O

select:

1 |s0o>=10
! ! 110 ,
: i [sodfsonfsoo] [$jD|D[$jDD|$D|D\
‘[table: 0000 ".l tabie: 0 ] o [table ks

"""""

017 O0OO0O0OO0O0OOOOO0O0OO0O0 XQGM
Fig. 17 XQGM after tagger pull-up.

000000 10203070800 170000 1020
30800000000 0Owhere 0 OOOOODOO
000000o0D0o0OO00d 700 return 0000
O00000OU0OO whereJOOOOOOOOOOOO
odbd 900 17O000D 108OO0bODOOOOOOOd
projectOd groupby 00O O XML OOODOOOOOO
0000000000 DbOOO0O0OOOOO 140150
left outer join 000000000 OOOOOOOO
ooopooooooo

0 17 00000 merged aggregateld input O
XPERANTOOOOOOOOOOOOODOOOOOO
O0o0o0o0ooooO0poooOoOoooooooooo
input 0 RDBMSOOOOOOOOODOOCOODOO
O000OOmerge0 0000000 OOOODOOODO
00000000 0oOoXMLOO cr8ElemOcr8AttO
cr8XMLFragLlistO cr8AttList 0 0 0O 000000
00000 170000 1s0000000O0ODOOO
000000000000 0000O0 1800000
OXMLOOOODOOOOOODOaggregate 0 O
000000000000 O0OXMLOO aggXMLFrags
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01: <O O0O>
02: <00>0000</00>
03: gooo»>

04: <00 id="I0015">A000</00>
05: <00 id="IOoO16">H O UO</O00>
06: <00 ig="I0017">M 00O 0O</000>
07: </0000>

08: </000>

018 00000 XMLOOOOOOOOO
Fig.18 XML fragment list of an intermediate result.
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gooo 1vobooboooooobooboooo
oboooooocooooboobOooOooooboooon
OOO0D0 RDBMSOOOOOOOOOOOOOCDO
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OSQLOOOODOOOwhereO0OO0OO0OOOOOO
000 SQL-10 return 000000000000
00 SQL-20 2000000000000 RDBMS
goooobooboobooobooooog 2000
000000000O00000 SQL-105QL-200
obooooooboooobooooooobooo

5. JoOOooOoOano

5.1 000000

00000000000 SQL-10 RDBMSOO
ooooOoooooooOo XMLOOOOOoOOoOod
O0000O0oooooOooooo0ooooooo
000 SL-2000000 XMLOOOOOOOO
0000 RDBMSOOOOOOOOOOOOOOO
oobO0o00oooooO0O0O0o0o0ooocoOooDboO0Ooon
ooooooboooooooooi190000

oooooooooooooOoooooooooooo
OO00o00SQL-10 SQL-2000000000XML
00o0o0oooooooowwoooo 4060000
O Tagger-1 0000 1201700000 Tagger-20
oooopooOoooOooOoOoOoooooooog XML
ooooooooooooooo XMLOOOOOOd
ooooooo

SQLOODOO0O0O000OO00 SQL-10000 RDB
00 XMLOODOOOOOOOOOOO0O Tuple-1
ooobooOoooOo0oOooboOoooOoboooboOoooODOon
Tagger-1 00000 Tuple-1 000000 0O00OOO
00000000000 XMLOOOOOO Fragment
OO0D0OO0OO0ODOoO0O00000 FragmentO0ODOO
OO000o0oOooooooooooooooooooo
goooooooooooOoOoo IboOoOoooOod

Dec. 2002
XQuery 00000XML

y
Kagiain V'"'\ Cuiaiuinl e '\
! ooo | oo :
: ool u] H
Hil : ]
0 H N
0 < oooo
‘0 2 ooo
10 2 &
:
: sQLU OO :
: oo :

] ooooo

019 0OO0O0O0OO0OO0OOOO
Fig. 19 Flow of two-step processing method.
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XQuery 00000XML

020 OO0O0OOOOOOO
Fig. 20 Flow of one-step processing method.
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00000000000000000
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0000000000000000 X = 10,0000
Y =1000000000300000000
00 m
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000 X0OO0OO0OO0D00000000 isWider()
000000D000000000000000 YO
00000000000000000000000
oo
e 000DO0DO0DOOOS,=0.1,0.3,0.5, 0.7, 0.9
e 000O0DDOODOOS,=0.1,03
afufalalafslalufalsls
00000000000000000000000
000000000000000000000000
000D000000D000000
(1) SQLODO SQL-1000
(2) 00OO0O0DOOXMLOOOOOOOO
(3) DOOoOoOO
(4) SQLODD SQL-2000
(5) 00000 XMLOO
000000000000000000000000
0000000
(1) SQL-108QL-200000 SQLOOO SQL-3
000
2) 0000000 XMLOOOOOOOO
3) 0000000
(4) 0DOOOOXMLOO
0000D00000D00000000 XMLOOOO
0000000000 XMLOOOOOOOOOO
000000000000000000000000
0°0000000000000000000000
000000000000000000000000
000000000000000000000000
000 SQL-1 000000 $QL-20000000
0000000000000 $QL-80000000
ooooooo
6.2 SQLOOODOOOO
000 Q300000000D0000000 SQL
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01: create view citytable as

02: select c¢.00 ID, c.00O

03: from 0 ¢

04: where c.000 >= 10;

05: create view coordtable as

06: select ¢.0 ID, p.XOOOp.YOO
07: from citytable ¢, DOO0O p

08: where c.00 ID = p.0 ID;

09: create view insttable as

10: select ¢.0 ID, i.00 ID, i.000
11: from citytable ¢, OO i

12: where c¢.0 ID = i.[ ID;

13: create view outerUnionl(target, type, U ID,

14: xX0o0oyoo) as
15: select INTEGER’0’ as target, INTEGER’0’ as type,
16: 010, XOOOYODO

17: from coordtable;

18: select *

19: from outerUnionl

20: order by O ID, target, type;

021 000000 (where) 0000 SQL-1
Fig.21 SQL-1 for two-step (where) processing method.

0 A2000000000

6.2.1 000000 (where)

02100000000000000000000
00000 SQL-1 00000000 1700000
oO0oooooooOooo xXxQGMOoooooooo
O00oO0o0ooooooooooooooooooog
00 10120000000000000 RDBOO
oooooO0oOo0o0oUOOooOoooOoOoOoOoOooO
0000 170000 10203080100110000
0013017000000 000000000000
00000000000000 170000 4000
00O O outer union 0 00 target D00 type OO
0o00000000000 sL-200000000
oo01b200000000 RDBMSOOOOOO
000000020000 order by OO OOO
oooooo

510000000008QL-10 RDBMSOOO
00000000 ooOoooooooooooooo
000000000000 KeyOOQooooooo
00022000 SQL-2000 KeyOODOODODO
0001090000 Oooo XMLOOODDOOOoOooO
000000000000000 outer union 000
00000000000 170000 12000000
5000 citytabled 9000 insttable d SQL-1
oooO0oooo0OooooOooooooo 2100
00 target 00000 1000000000000
000 outerunion0000000 XMLOOOODO
O0000000o0oooooooooooooooo
00000000000 oDo00oO0@MeypeO OO
OOouter union000000000000000O
000000o0oo0oooooooooooooo

Dec. 2002

01: create view outerUnion2(target, type, 0 ID, OODO

02: OO0 1Ip, 0OO00O) as
03: select INTEGER’1’ as target, INTEGER’0’ as type,
04: 0 1D, 00 Onull, null

05: from citytable

06: union all

07: select INTEGER’1’ as target, INTEGER’1’ as type,
08: 0 1D, null, OO ID, OOO

09: from insttable;

10: select *

11: from outerUnion2 o

12: where 0.0 ID in (OO0 1, °000 27, ...)

13: order by 0 ID, target, type;

022 000000 (where) 0000 SQL-2
Fig.22 SQL-2 for two-step (where) processing method.
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0000 210 5000 “create view coordtable”
0 “create temp table coordtable”’ 00O OO0
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000o00o000oooooogooooooooog
gooooooooboobooboobooboobobobobooo
ooboobobooooooboboobooboooobooo
ob0o0oCooOobOoOooboooobobooDbooo
gobooooboobooobooobo

6.2.2 00O0O0OOO (tmp)

000000 (¢omp)00OOSQL-10000000
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00 Key0OOOODOODODODOOO 230 SQL-2
000000010500 SL-2000000000
00000000000 Key0OQOQOGOoOooooOo
oooooooooobobowoloooooo
goboooooooooboooOobooooooooo
oooooobboooboooo

6.2.3 OOOOOO

02000000000000000 SQL-10
SQL-200000 SQL-3000 RDBMSOOOO
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OO0 target 00000 0O0DODOOOOOOODOO
000000oo XMLOODOO0O00O000000
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01: create tmp table keytable([] ID text);
02: insert into keytable(’0 00 1°);
03: insert into keytable(’O D0 2°);

04: ...

05: create unique index keytableindex on keytable([]ID);
06:

07: create view outerUnion2(target, type, U ID, OODO
08: OO0 1, 0O00) as

09: select INTEGER’1’ as target, INTEGER’0’ as type,
10: 0 1D, 00 Onull, null

11: from citytable

12: union all

13: select INTEGER’1’ as target, INTEGER’1’ as type,
14: 0 1D, null, OO ID, OO0

15: from insttable;

16: select *

17: from outerUnion2 o, keytable k
18: where o.0 ID = k.[J ID

19: order by 0 ID, target, type;

023 000000 (tmp) 0000 SQL-2
Fig. 23 SQL-2 for two-step (tmp) processing method.

01: create view citytable as

02: select ¢.00 ID, c.O00

03: from 0 ¢

04: where c.00 >= 10;

05: create view coordtable as

06: select ¢.0 ID, p.XOOOp.YOO
07: from citytable ¢, DOO0O p

08: where c¢.00 ID = p.0 ID;

09: create view insttable as

10: select ¢.0 ID, i.00 ID, i.000
11: from citytable ¢, OO i

12: where c¢.0 ID = i.[ ID;

13: create view outerUnion(target, type, O ID, 00O

14: x0ooyoooooiIn, OO0) as
15: select INTEGER’0’ as target, INTEGER’0’ as type,
16: 0 ID, null, XOOOYOO Onull, null

17: from coordtable

18: union all

19: select INTEGER’1’ as target, INTEGER’0’ as type,
20: 0 1D, 00 Onull, null, null, null

21: from citytable

22: union all

23: select INTEGER’1’ as target, INTEGER’1’ as type,
24: 0 ID, null, null, null, OO ID, OOO

25: from insttable;

26: select *

27: from outerUnion

28: order by U ID, target, type;

024 0O0000OOO0O0OO0O SQL-3
Fig.24 SQL-3 for one-step processing method.
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oooooooOOoooooooooooooon SQL-3
0000 target OO0 1000000000DO00O
oboooooooo XMLOOOOOOOoOoooo
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6.3 0 0O0OO

goooooooooobobooobobOoooooo
N=1100000000000000000000O0O
00D00000o000000000000 10NO100N
goooooooooboooobooobboDboDo
goooooDO0o0o ioNOOOOoooOooobooo

XMLOOOOOOOOOOOooooooooooo 29

Time in Seconds

2step(where): 10N, 100N —%—
2step(tmp): 10N, 100N - +
1step: 10N, 100N - %
2r 2step(where): 10N, 10N -~ 1
2step(tmp): 10N, 10N —l—
1step: 10N, 10N --O--

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Foreign Function Selectivity

025 00000000Q3(S, =0.3): 10N, 10N/100ND
Fig.25 Elapsed time (Q3(S, = 0.3): 10N, 10N/100N).

25
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Fig. 33 Intermediate result of view composition.
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