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A Method for Efficient Execution of DOM Programs
on XML Views over RDBs

AKIRA KOZIMA,"8 ATSUYUKI MORISHIMA't and SEIICHI KOMIYA®

As XML has been recognized as the de-facto standard for data interchange through the
Internet, more and more application programs to process XML data are being developed. On
the other hand, relational databases are still widely used as important tools for the data man-
agement. This paper presents a method that allows XML application programs using DOM
APIs to take as input relational data through their XML views and explains an optimization
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technique.
efficient execution of programs.
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Our experimental results show that the proposed technique is effective for the
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Region(regionkey, name)
PartSupp(partkey, suppkey, availqty)
Part(partkey, name, brand, size)
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Fig.2 Part of TPC-H database schema.
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1. construct <root>

2. { from Supplier $s

3 construct

4 <supplier> <suppinfo><name>$s.name</name>
5. { from Nation $n

6 where $s.nationkey = $n.nationkey

7 construct

8. <nation>$n.name</nation>

9. { from Region $r

10. where $n.regionkey = $r.regionkey
11. construct <region>$r.name</region> }
12. }</suppinfo>

13. { from PartSupp $ps, Part $p

14. where $s.suppkey = $ps.suppkey,

15. $ps.partkey = $p.partkey

16. construct

17. <part> <name>$p.name</name> </part> }

18. </supplier>
19. }
20. </root>

0 4 TPC-H database 0000 RXL ODODO
Fig.4 RXL view of TPC-H database.

0000000000000 00O $s0200000
00000 Supplier OO0 OOO0OOOOORXL
O00000oooooo0OfromO000COOOO
cooboooooobooooboooooooobooooo
00000 where DO00OOOOOOO0OOOODOOO
OOconstruct 0000000 XMLOODOOOO
OOconstruct 000 PP 00O0O0O0OOOODO
oo0O0000000000s00000D0000O0
O00Owhere OO0 $s.nationkey=$n.nationkey
O00O00OSupplier 0 Nation DO DO OO0
XMLOOOOOOOOOOOOOO RXLOOOO
0000000 construct JO0OO0O0OOO XML
oo0oooo0 10000000 0ooooooood
00000000000000000 SQLOOOO
RXLOOOOOOOOOOOOOOOooOOoOooooo
000D construct 0OO0OO0ODOOO XMLOOO
O0O0OD0O000000 construct 0OOOOOOO
ooooooOOoOO0ODO0O0O00O0 from 0000000
ooooooOOODOO00000000000001
oooO000o0oo0ooooboo 400000000
<name> 000 <nation> 000000000000
SQLOOOO0OOOO0O00O0ooooo 100000
oooo

select $s.suppkey, $s.name from Supplier $s;
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from Supplier $s, Nation $n
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Fig.5 Viewtree 7; (Bold lines represent 77).
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void main() {

Document doc= new Document (v);
Node root=doc.getDocumentElement () (id1),
show(root)

void show(Node node) {

1
2
3
4
5.}
6
7
8 for (Node n=node.getFirstChild()(id2); n!=null;

9. n=n‘getNextSibling()(ids)) {
10. System.out.println(n.getNodeName () (idd)y,
11. System.out.println(n.getNodevalue () (#d5)y;
12. show(n) ;

13. }
4. }

06 DoOMUOOOO P, 00D
Fig.6 Fragment of DOM program P;.
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(1) select $s.suppkey, $s.name
from Supplier $s where $s.suppkey=’#s2’
(2) select $s.suppkey, $n.nationkey, $n.name
from Supplier $s, Nation $n
where $s.nationkey=$n.nationkey and
$s.suppkey=’#s2’
(3) select $s.suppkey, $p.partkey,
from Supplier $s, PartSupp $ps, Part $p
where $s.suppkey=$ps.suppkey and
$ps.partkey=3$p.partkey and
$s.suppkey=’#s2’
order by $s.suppkey, $p.partkey

07 00000 SQLOooooo
Fig.7 SQL query examples.
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select * from (
select 1 as L1, $s.suppkey, N as L2, N, N as L3, N, N // N1
from Supplier $s
union
select 1 as L1, $s.suppkey, 1 as L2, N, N as L3, N, N // N1.1
from Supplier $s
union
select 1 as L1, $s.suppkey, 1 as L2, N,
2 as L3, $n.nationkey, $n.name
from Supplier $s, Nation $n
where $s.nationkey=$n.nationkey
union
select 1 as L1, $s.suppkey, 2 as L2, $p.partkey,
N as L3, N, N // N1.2
from Supplier $s, $PartSupp $ps, Part $p
where $s.suppkey=$ps.suppkey, $ps.partkey=$p.partkey,
)
order by L1, $suppkey, L2, $p.partkey, L3, $n.nationkey

0 8 7/ 0000 Sorted outer union plan
Fig.8 Sorted outer union plan for 77 .
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[1,#s1,N,N,N,N,N]
[1,#s1,1,N,N,N,N] [1,#s1,1,N,2,#us,”us”]

<supplier>
<suppinfo> -—— <nation>
<root> <part> [1,#s1,2,#p1,N,N,N]

<part> [1,#s1,2,#p2,N,N,N]

[1,#s2),N,N,N,N]

<supplier> [1,#s2,1,N,N,N,N] [1,#s2,1,N,2,#uk,”uk”]

<suppinfo> <nation>
<part> [1,#s2,2,#p3,N,N,N]
<part> [1,#s2,2,#p4,N,N,N]
<part> [1,#s2,2,#p5N,N,N]
09 XMLOOOOODOOOODODOOO ADOOOO
Fig.9 Structure of an XML instance and ADO labels.
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void show(Node node) {
if (node!=null) {
System.out.println(node.getNodeName());
System.out.println(node.getNodevalue());

Node ni=node.getFirstChild();
show(nl);

Node n2 node=n1.getNextSibling();
show(n2);

}

HOW®WONOUBWN R

o
-

010 000000 DoOMOOOOO
Fig.10 DOM program for binary tree traversal.

void show(Node node) {
for (Node n=node.getFirstChild()(ldS); n!=null;

n=n.getNextSibling() (id4), {

System.out.println(n.getNodeName () (2d5)y;

val= n.getNodevalue() (id6) H
if (lval.equals(‘‘....”?))
System.out.println(n.getNodevalue () (2d7)y;
show(n) ;
}
}

011 DOMOOOOO P; 0 showDOODO
Fig.11 The show method of Pj.
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N1($s.suppkey)
<supplier>

N1.1.2($s.suppkey,$n.nationkey)

<nation> $n.name
q(N1) = Supplier $s
q(N1.1.2) = Supplier $sX Nation $n

012 7; 000 T
Fig.12 A contraction 73 of 7;.
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t={};
. inOrder=false; // true when the input follows the order
<id'0Oa’ >=<nil, [ ]>; 1' =infinite;
. for each (<id, a>, 1) in the Input Stream {
if (17 < 1) {
if (!inOrder) {
inOrder=true;
t.add(1' O getViewTreeNodeID()) ;
9. <id_2, a_2>=<id'0a’ >;
10. }
11. t.add(1.getViewTreeNodeID());
12. } else {
13. if (inOrder) {
14. inOrder=false;
15. outputRule( [<id_1, a_1>, <id_2,a_2>]->t );
16. t={};
17. } else <id_1, a_1>=<id'Oa’ >;
18. }
19. <id'0Oa’ >=<id, a>; 1' =1;

0N OO WN e

013 000000 RuleFind
Fig.13 Algorihtm for finding rules.
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void main() {

Node b=null;

DG W N e

}

Dec. 2005

Document doc= new Document (v);

NodeList a=doc.getElementsByTagName("suppinfo“)(ids);

for (int i=0; (b=a.item(i)(id9))!=nu11; i++) { show(b); }

015 P3; 000000O0show OOOOO 60000
Fig.15 The main program of P3 (show function is given in Fig. 6).
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Fig. 14 Experimental results 1.
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Fig.16 VIDs and different access orders
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Fig. 17 Dynamic allocation of VIDs.
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1.1.1 1.2.1
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Fig.18 Mapping table.
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1. Class MappingTable { (a) [ VID | VID’ | Fixed | (b) [ VID | VID’ | Fixed
2. 1 1 True 1 1 True
3.t = set of (VID vid, VID vid’, boolean Fixed); L1 | 1.2 | false L1 1.2 | True
4 1.1.1 | 1.2.1 | false 1.1.1 | 1.2.2 | false

: . . 1.1.2 1.2.2 false 1.1.2 1.2.3 false
5. Void update_mapping(ADO_Label 1) { 1.1.3 | 1.2.3 | false 1.1.3 | 1.2.1 | True
6. VID v=1.getViewTreeNodeID(); 1.2 1.1 True 1.2 1.1 True
7. for (i=1; i<= v.length(); i++) { 1.2.1 | 1.1.1 | True 1.2.1 | 1.1.1 | True
8. VID v2=v.prefix(i); 021 00000000
9. row r=t.getNewByOriginalVID(v2); Fig.21 Updating mapping table.

-
o

if (Ir.isFixed()) {
row r2= t.getParent(r);
m=t .LastNumberOfFixedVID_in_Siblings(v2);
r.vid’= r2.getNewVID().concat (m+1);

r.fixed=true;

e e
oo W N e

for each r in t s.t. r.fixed=false {

-
[}

r.get(v_i).vid’=consistent_VID(v2, v_i);

}

N BB e
S © 0 N
“
“

}

NN
N =

boolean isSmaller(VID vi, VID v2) {
VID new_1= t.getNewByOriginalVID(v1);
VID new_2= t.getNewByOriginalVID(v2);
return (new_1<new_2);

N NN NN
N O O W
[y

[}

019 0O0O00O0O0Ooo
Fig.19 Methods for the mapping table.
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Fig.20 Example of dynamic allocation of VIDs.
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void main() {
Document doc = new Document (v);
NodeList suppList

}

= root.getElementsByTagName("supplier")(idl);

int x=0;

Node supplier=suppList.item(i)(¢42);
while(supplier!=null){

}

Node suppinfo = supplier.getFirstChild()(id3);
while(suppinfo!=null) {
if (suppinfo.getNodeNane () (?¢%) . equals ("suppinfo")) {
break;
}
suppinfo=suppinfo.getNextSibling()

}

if (suppinfo!=null){

(id5) ;

Node name = suppinfo.getFirstChild()(id6);
while(name!=null) {
if(name.getNodeName()(id7).equals("name")){
break;

i

name = name.getNextSibling()(idg);

if (name!=null){
show(name) ;
}else{ break; }
}else{ break; }
X+

supplier=suppList‘item(x)(idg);

void show(Node node) {
for (Node n=node.getFirstchild() (*410); ni=pu11;

}

}

n=n.getNextSibling() (1411)) {
System.out.println(n.getNodeName () (1412));
System.out.println(n.getNodevalue () (1413));
show(n) ;

023 DoOMOODOOO Py
Fig.23 DOM program Pjy.

void main() {
Document doc = new Document (v);
NodeList suppList

}

= root.getElementsByTagName("supplier“)(idl);

int i=0;

Node supplier=suppList.item(i)(id2);

while(supplier!=null) {

}

NodeList childList
= supplier.getChildNodes()(
Node part = childList.item(1)(1d4);
while(part!=null){
show(part) ;

id3)

part = part.getNextSibling()(ids);

}

Node suppinfo = childList.item(0)(
show (suppinfo) ;

i++;

id6) .
H

supplier = supplierList.getNextsibling(i)(id7);

void show(Node node) {
for (Node n=node.getFirstChild()(lds); n!=null;

}

}

n=n.getNextSibling() (149)) {
System.out.println(n.getNodeName()(ldlo));
System.out.println(n.getNodevalue()(1d11));

show(n) ;

024 DOMOOOOO Ps
Fig.24 DOM program Ps.



Vol. 46 No. SIG 18(TOD 28)

— getDocumentElement() D 00000000
gooobooobooboobooobooboo
gooo

— getElementsbyTagName(String s) 0 00O
000000 D0O0O0O000 Elements O
NodeList 0000

e NodeList 0000000

— getLength() 000000000 OODOO

— item(int index) D000 index 00000
gooo

A2 J0O0OO0OOOOODoMUOOOOO
ooooooooo boMOoOoOooOoooo 230
0240000
(0017060 21000)
(00170 80 10000)

gooooonbo 00 ogo

oo oooooo
2003000000000000
gbooob2005 0000000000
gooooooocoooooooon
Ooo0OO0OO0OONECOOOOOO
oood

RDBOO XMLOOOOOOO DoOMOOOOOOOOOOOOO 85

o0 O0o0o0oooo
1993 000000000000
gbooo19soo0oooagoon
obooobooooonniggso
L 2000 00boo0coboocooooao
‘ 0 019990 2000 O AT&T Labs-
Research 0000002001 0000000000
gbobooooooooooooboooooooboooo
oo0ooOoo0/opo0oooo0oooooooooo
O00000D0D0XML/WWWOOOOOODDOODO
O0OD00OO0ACMOIEEE-CSOODOOOODOOOO
gooooooooboogoo

o0 O0o0o0oooo

19690000000000000
oooooooOigroobonooog
oo0ooO0oIpPAOOCOOOOOO
oooolpPAOOOODOOOOOO
gooooooooooog 20010
gbooooooooooz2oo300ooooooooa
00OMOTOOOOODOO19920 1993 O /19940 1995
0/1996019970000000000OOOOOOO/
0000/0000199%601997 0000000000
gooobo0o0oo0ob0000000019940 1997019980
1990 000000000000000019980 1999
gboooobooooboboooooooood




