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XML Query Optimization and Wrapping Query Language for
Heterogeneous Information Integration

TaxasHr HAvAsHI,+® KAzuvyA KONISHI, " KYOTARO HORIGUCHI,T
MITSUAKI TSUNAKAWA," GENGO SUZUKItt and TAKASHI HONISHIt

In this paper, we address the problem of evaluating XML queries over XML views of het-
erogeneous information sources. This paper makes two main contributions. The first is a
technique that optimizes XML queries by applying a commutative law. This technique pushes
queries down to the information sources. The second is wrapping the query languages in order
to integrate the heterogeneity of the information sources. Query capabilities are described
as sequences of internal query representations. We implement a prototype system and verify
that the proposed methods work with relational databases and XPath databases.
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cORMWEDHEIX for  $order in view(“order-list”)
12T cost > 5000 where $order/items/item/cost > 5000
ZR/1=-Fitem(BER) return $order

\
Ma&EhSSorder XQuery

(FEX)EET

<order id = “28”>
<customer>Harrods</customer>
<items>

<item description=“CK-tie01”"

_<cost>7800</cost>

</item>

BIREEE
EHRRT
ThEd

cost > 5000

1>

</jtem>
</items>
</order>

\/

XML Ea—
order item
|_id |cust-name{cust-num| | oid| cost |description
(28] Harrods | 2034 28 | 7800 | CK-tieQ1 | O
29| Walmart | 3027 28 | 4800 | AS-tie01 | X
\h—/ ——
BET—4R—R

(a3
01 DO0oo0ooooooooo
Fig.1 A case lost through XML query optimization.
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Fig.2 Proposed XML Mediator System.

order item
|id [cust-name|cust-num oid| cost |description
28| Harrods 2034 28 | 7800 K-tie01
29| Walmart | 3027 28 | 4800 | AS-tie01
\J —

F—H R— R4 : order_data

<order_data>
<order>
<row><id>28</id><cust-name>Harrods</cust-name>
<cust-num>2034</cust-num></row>
<row><id>29</id> <cust-name>Walmart</cust-name>
<cust-num>3027</cust-num></row>

</order>

<item>
<row><o0id>28</0id> <cost>7800</cost>
<description>CK-tie01</description> </row>

</item>
</order_data>

03 ODoooooooooooooono XMLOooOo
Fig.3 Relational database and its default XML view.
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<order id = “28">
<customer>Harrods</customer>
<items>
<item description=“CK-tie0 1>
<cost>7800</cost>
</item>
<item description="AS-tie01”>
<cost>4800</cost>
</item>
</items>
</order>
<order id = “29”>

</order>

(a) XMLERDOEXY R b

1 | create view order-list as (
2 for $order in view("order_data")/order/row
3 return
4 <order id = "$order/id">
5 <customer>$order/cust-name</customer>
6 <items>
7 for $item in view("order-data")/item/row
8 where $order/id = $item/oid
9 return
10 <item description = "$item/description">
11 <cost>$item/cost</cost>
12 </item>
13 </items>
14 </order>)

(b) ¥ = —EFEXQuery
04 DO0O0OO0 XMLOOO
Fig.4 User defined XML view.
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cr8Elem(order, § 1| for  $order in view(“order-list”)
Z:g%n;;tﬁ:;ﬁt((ld $id). ):&_Lif% 2 | where S$order/customer/text( ) = “Harrods”
cr8Elem(customer, _ 3 | return $order
cr8AutList(), 4 Sorder-list (@) —FEZEXMLY = — x4 3 2 —FHVE by
cr8XMLFragList($custname)), project: $order-list = a - =
cr8Elem(items, 7| <orderid=$id> ...
cr8AttList(), Sorder
8XMLFragList(Si . ioins
)cr ragList(Sitems)) (SiaSoustname] Sitems | 9| right outer join
) right outer join: $ N
$val WHERE

groupby:
Sitems = aggXMLFrags ($item)

w

Sitem

project: Sitem = <item>...

FN

$id | Sdesc [ Scost
join: Soid = $id

w

[$id[Scust-name]

1 table: order
<A#>
RN XMLEI % (5180

05 00000 XQGM
Fig.5 View definition XQGM.

[Soid [ $desc [ Scost |
2 table: item

01 XQGMOODO
Table 1 XQGM operators.

HHE HE
table BEDBDT — 7 V&£ T
project AR ESW - EROHE
select A EBIR

(inner,outer) join | 2 DL FD AN EFEES

groupby EHEE%, S—v T
orderby BiEfEIC LY Y— L

union 2 OU EDAHDFES
unnest AN DANTFHEREE AL
view Ea—%EKT

function XQueryPi# &34

02 XMLOO
Table 2 XML functions.

XMLEA% HE

1 | cr8Elem (Tag, Atts, Clist) EFRER

2 | cr8AttList (A" **,An) B RMER

3 [ cr8Att (Name, Val) B

4 | cr8XMLFragList (Ci,* * *,.Cn)| XMLI S5 AV RYRRERL
5 [ aggXMLFrags (C) &

6 | getTagName (Elem) 3 pid

7 | getAttributes (Elem) B REERA

8 | getContents (Elem) EXRRNBEERHA

9 | getAttName (Att) Bt & %R
10 | getAttValue (Att) IR
11 | isElement (E) ENERTHNIETHEERA
12 [ isText (T) TATFRETHNISHEZRH]
13 | unnest (List) {43

00200000000 (A)UO0O0OoUooooo
XQGMoOoOOoooooooooooooooooo
oobooooooooooooo

select: isText ($val) and
$val = ‘Harrods’

[ $vals

unnest: $val = unnest(Svals) |

$vals

6 | project: $vals =
getContents($elem)

Cooiom |

(=]

N

5| select: isElement ($elem) and
getTagName ($elem) = ‘customer’
f
$elem |

4 | unnest: $elem = unnest($elems) I

project: $elems =

RETURN : | 3| getContents ($order)
Sorder | $order
1| view: order-list | 2 | view: order-list |

by —FHWEbEXQGM

06 0000000 XQuery O XQGM
Fig.6 XQuery and XQGM of user query.
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Table 3 Composition rules.
Bl B B
1 | getTagName | cr8Elem (Tag, Atts, Clist) Tag
2 | getAttributes | cr8Elem (Tag, Atts, Clist) Atts
3 | getContents cr8Elem (Tag, Atts, Clist) Clist
4 | getAttName cr8Att (Name, Val) Name
5 | getAttValue | cr8Att (Name, Val) Val
6 | isElement cr8Elem (Tag, Atts, Clist) True
7 | isElement Other than cr8Elem False
8 | isText PCDATA True
9 | isText Other than PCDATA False
10 | unnest aggXMLFrags (C) C
11 | unnest cr8XMLFragList (Ci,#++,Cn)[C1 U ==-UCn
12 [ unnest cr8AttList (A1, *+,An) Ai1U-+-U An
Sorder 9

project: Sorder =
7| <orderid=$id> ...

mm
-

w

4

& lect Scust -name = Harmd

join: Soid = $id 2
$oid | $desc | Scost $id |Scust-name|
2 1

¥ a—EHEXQGM

2—FEVAHEXQCM

07 0000000 XQGM
Fig.7 XQGM after view composition.
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A—HEHXMLE 21—
cr8Elem(order, Atts, Clist)

A—HFHLOEDHEf

$elems = getContents(Sorder)

Selems = Clist = cr8XMLFragList (C1, =+, Cn) $elem = unnest($elems)
s FRA U s s
$elem = C1 U +++U Cn = cr8Elem(customer, **, **),  isElement($elem) and
cr8Elem(items, **, **), getTagName($Selem)
cr8Elem(payments, **, **) = ‘customer’

HRBleB &L

FRA6IZDLNTIER TTrue,
Selem = cr8Elem(customer, Atts, Clist)

T L R
$vals = Clist = cr8XMLFragList(Scust-name) $val = unnest($vals)

o BRI

E isText($val) and
U Cn = $cust-name $val = ‘Harrods’

BB

$vals = getContents($elem)

$val=Cl1U -

FRAISIZ DU TIE True. $val(= Scust-name) = ‘Harrods’ D& H'% 5
08 DOODOOOO
Fig.8 Example of applying composition rules.
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Table 4 Commutative law between select and other.
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g StdfScust-namef Siteirs |
y.select: $cost > 5000 .

..... pr—

project: Sorder =
<order id = $id > ...

[Sia[Soust mame] Sitems |
_right outer join: $id = $id [~

"

[SidfScust-name] Sitsiirs ],
.select: Scost> 5000 .

8.

| E
FRBMRY I

groupby:
5| Sitems = aggXMLFrags (Sitem

4 | project: Sitem = <item>...

Soid | $desc | $cost i
2[__tablezitem ] [ table: order ]

¥ 2 —EHXQGM

09 0000000 XQGM
Fig.9 XQGM after view composition.
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$id| $desc [ $cost

select: $cost > 5000 |

$items

groupby:
S$items = aggXMLFrags

$item
project: $item = <item>... |

$id | $desc [ $cost

join: $oid = $id
T T
$oid [ $desc [ $cost | $id[$cust-name|
table: item | table: order |
select (Column Name)
from (2 Table Name)
where ( sub query)
I YT T—}
$items

groupby: $items = aggXMLFrags l

$item
project: $item = <item>... |
?

select 0.id, o.cust-name, i.desc, i.cost
from order o, item i
where o.id =1i.o0id
And o.id IN
(select oid
from item
where cost> 5000 )

0 10 OD00O0OODoOoDoooooOo
Fig. 10 Sequence of operators and query template.
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<brand-list>
<brand>
<brand-name>Andrew Soccer</brand-name>
<item><item-name>AS-shirt01</item-name>
<design>
<color>red</color>
<color>blue</color>
<pattern>stripe</pattern>
</design>
</item>

</brand>

</brand-list>
(a) XPath7 — ¥ R— R IHEMENEXMLT 7 1 )V

for $item in view(“brand-list”)/brand/item

where $item/design/color = “red”

return
<red-item>
<brand-name>$itern/../brand-name</brand-name>
<item-name>$iterm/item-name</item-name>
</red-item>

w /axis :: node test [predicate]/
2> Y7 Tr—Fh

/brand-list/brand/item[design/color = “red”]/../brand-name
/brand-list/brand/item[design/color = “red” ]/item-name

(b) XQuery & 7 — & R— R [ZRAT & L7 XPath
011 XMLOOOOOXQuery 000000 XPath
Fig.11 XML file, XQuery and issued XPath.
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Fig. 12 Experiment 1 on relational database.
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Fig. 13 Experiment 2 on relational database.
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Fig. 14 Experiment 3 on relational database.
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Fig.15 Experiment 1 on XPath database.
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Fig. 16 Experiment 2 on XPath database.
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