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XML has emerged as the leading medium for datssfearover the World
Wide Web. At the present days, relational datalimséll widely used as the
back-end database in most organizations. Since tisemismatch in these
two structures, an effective mapping scheme isndefy essential that
provides seamless integration with relational dasals. On the other hand,
an immutable labeling scheme is certainly significeo dentify the XML
nodes uniquely as well as supports dynamic updateowt having the
existing labels to be re-labeled when there is aou@nce of dynamic
update. As such, in this paper, we propose s-XMladgpting the Persistent
Labeling scheme as the annotation scheme to emsamless integration
with relational database and able to support ugdatthout the need to re-
construct the existing labels. We conduct experisiém show that s-XML
performs better in terms of mapping the XML nodeselational databases,
query retrieval and dynamic update compared t@xging approaches.
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1. INTRODUCTION

XML has emerged as a generic markup language fourdents as well as tlte factostandard for
data exchange over the World Wide Web. There anmeyndifferent types of XML data found in today’s
document repositories, digital libraries and on theb, which range from simple flat text with little
meaningful structure to be queried to over trulinstructured data with a rich and often irrequlancture.
For example, a business can easily model comptagtates such as invoice, orders and inventoryesysh
XML format. In addition, there is hundreds of XMkthema defined to encode data into XML format for
specific application domains.

On the other hand, relational database drive mastnbsses of any size today. Nevertheless,
relational database cannot meet all the demandteofronic business because it process data indeptn
of the context. In other words, relational databigseimply not a good match for semi-structuredtenn
represented in XML. However, since enterpriseshavested trillions of dollars in relational dagsle, they
would be much reluctant to simply replace relatia@abase with a pure XML store.

Due to the demand for storing and querying XML datgpecially for data exchange, a mapper to
store and retrieve XML (a tree structure) via rielel database (tables with rows and columns) aoe- v
versa is definitely essential. Since there are raishees between the XML-structured data and relatidata,
mapping plays an important role in providing seasliategration between these database infrastasctur

There are four basic relationships that a good fngpapproach needs to cater for; the ancestor-
descendant, parent-child, sibling and level retetfiops. These information are known as structural
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relationship need to be stored in the relationblet to identify the connection between the nodethé
XML document. This enables the user’s queries tproeessed competently.

The dilemma that has been enduring for sometinte tome up with a mapping scheme that can
preserve basic relationships among the nodes fdicmt XML processing. Basically, there are twpés
of user queries, which are full-text query and ctueal query. Many existing approaches supportstéut
query but be oblivious to the structural one whiekults in inconsistencies in query retrieval amchpable
to furnish any query with the combinations of nl#icriteria.

Apart from the support for both types of queriegoad labeling scheme must be able to support
dynamic updates. Dynamic update refers to the upglarocess (insertion of new node(s) and deletibn
existing node(s)) to the original XML data souregood labeling method should generate immutatidelta
that does not require modification during the oeoge of dynamic update.

The rest of the paper is organized as follows. i8ec illustrates some review on the existing
mapping schemes. Section 3 describes the new nmpgtheme, s-XML. Section 4 explains the
experimental design, experimental results and d&ous. Finally, Section 5 concludes the paper.

2. RELATED WORK

There are many mapping techniques such as theigraelaDTD approach [13], the Edge approach
[3] and the Attribute approach [8]. The Relatio®alD approach [13] maps XML data based on the
frequency of the element occurrence in an XML doentnThe elimination of less important elements and
grouping of elements based on incidence allowstespace consumed, straightforward table schema and
efficient mapping to tables. However, this approaah only be used if the Data Type Definition (DTd)
XML schema of an XML document is available. In Eggmroach [3], XML document is shred into a single
relational table. As such, this approach may ssiffesm excessive table size error and multiple-jétifs
may be require for query retrieval. Attribute aggch [8] creates as much table as distinct elemame that
appear in the document into different relationblda. This is one of the drawbacks of the Attribapgroach
where the number of tables depends on the digleatent names in XML document.

An automatic mapping technique was proposed [thfem XML document to relational databases
especially the nested structure of the XML documénpreserved. Association inlining was propode], [a
new inlining method, for mapping DTD to relatiortables by improving their earlier versions of imig
methods, i.e., Shared inlining and Hybrid inlinitegreduce fragments and excessive joins. A losslelssma
mapping algorithm was proposed [1] to generate tabdse schema from a DTD, which makes several
improvements over existing algorithms. In additithrey also proposed two linear data mapping aligorst
based on Document Object Model (DOM) and Simple APIXML (SAX), respectively, to map ordered
XML data into relational data. Nevertheless, thesgping techniques are unable to support dynandatep
an important feature to support ever-changing envitent because of the limitation of the labelingesne
in terms of persistency.

A good labeling scheme is certainly needed to enthat the labels generated to uniquely identify
XML nodes are immutable at any point of time; to deact during dynamic update. Dynamic update
comprises of updating processes (insertion of nede(s), deletion of existing node(s) or any kind of
updating processes) which happen at any pointra# ind require the existing labels to be maintaimeite
generating new labels for the new nodes. Sevdralitey scheme [11] [14] [5] [9] have been proposdiich
can be broadly classified into four main categoniesnely, Subtree, Prefix-based, Multiplicative ahybrid
[6]. Nevertheless, not many existing labeling sole support dynamic update especially in situatibare
a massive updates are required. Yet, we obsenatdutider heavy update, prefix-based scheme may not
need to be re-generated. As such, we adopt threskat Labeling (one of the prefix-based schemseha
labeling scheme in our propose mapping techniquerder to show the feasibility of our mapping aygwh,
we evaluate the (1) query response time needeétiieve a set of queries, (2) time required foeitien,
and (3) time required for deletion against the taxgstechniques.

3. sXML: OUR PROPOSED APPROACH
4.1. Background of Persistent Labeling Scheme

In XML, there are four main hierarchical relatioiph namely parent-child, ancestor-descendant,
sibling and level. A compact and robust labelingesoe is essential to allow quick determinationhefse
relationships between pair of nodes. In Persidtahtling [4], each node is labeled &§n(,d.],[n,d]), where
| is the level of the node in the trea,d is the local label of the nodes,dq is the local label of the parent
node. Parent label of a node is the self labeheftarent node.
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Figure 1 explains how then,d and |n,,dy] is assigned.
Node 1 (0,[1,1]) = [1,1]=[n,d] (self label)

Mode 2 Node 3 T
(1,[L,11,[1,1]) (Ll1,1],[21]) ————p  [1,1]=label of parent node
[2,1] = [n,d] self label of node

where 2 denotes the position of
node among the sibling

Figure 1. Explanation for [n,d] and[dy]

Figure2 shows an example of labeling scheme based ofsteatsLabelinc[4]. The root element
will be labeled as (0,[1,1]) where O representsi¢vel and [1,1] represents the local label ofnbele. This
element does not have a parent label sihe node is the origin of the XML tree. Next, thbdhfor ‘book’ is
(1,[1,1],[2,1]). i.e., the ‘book’ reside in leve| With the parent node labeled as [1,1] and ‘bdekhe first
child [1,1] among its sibling. Let us take anote@ample. The ‘publiser’ is annotated with the label of (
[1,1],[5,1]), where 2 indicates that ‘publisher’itsthe level 2, [1,1] denotes the parent’s lalfepablisher’
(which in this case the local label for ‘book’),I%is the ordinal occurrence of ‘publisher’ am its sibling
(‘publisher’ is the & child of ‘book’).

book id="1332
(L[1,10,01.1])

publisher
(2,[1,11[5.1])

'Dynamic Enterprise’

XML Mapping' (3.[511,[5,1])

'2010'
(3,[1,11,[1,1]) (3.[2,1],[2.1])

John'
(3.04,1],[4,1])
'Smith’
(3,[3,1],[3,.1])

Figure 2.The labeling scheme adopted from Persistent Latp

In terms of support for the new inserted node, favels will be generated based on the follow
rules [4]. Let C be a node be inserted, while Node A and Node B are théngjlof Node C
a) Node C (ci,cj) is inserted before Node A providedttno nodes before Node A. Label C (ai -1,aj)
(see Figure 3(a)).
b) Node C is inserted after Node B provided that ndescafter Node . Label C = (ci,cj) = (bi + 1,bj) (se
Figure 3(b)).
¢) Node C is inserted between Node A and Node B. L&bel(ci,cj) can be computed as follows: ci =
aj +ai. bj/d; cj=2.aj. bj/d; where d isghiest Common Factor for (bi.aj + ai.bj) and (bj) (see
Figure 3(c)).
Based on the beautiful features of persistent lafetuch as supports for the four hierarch
relationships and the support for dynamic updateadopt the labeling scheme in our appro

4.2. sXML Table Schema

In s-XML, there are two tables namely the ParentTabkkthe ChildTable. All nodes in the XM
will be shred into the two tables. The ParentTaldees all the internal nodes (annotated basedewisten
Labeling elaborated earlier in Section 3.1), while tBkildTable maintains leaf nodes information. -
schemas of the tables are ellaborated as kt

ParentTable (IdNode, pName, cName, Level, LParent, SelfLabel) where:
a) |dNode - uniquely identify the nodestored in the ParentTable (assigned based on -first traversal).
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b) pName-stores parent node nar

¢) cName-maintains child nam

d) Level-maintains level informatic

e) LParent —maintains the parent label of the node which sttreseference of the parent el (IdNode).
f) SelfLabel - maintains the selabel or local label of the node which is [n,d]Rersistent Labeling

Scenario Technique to Generate Unique Label
Node C is inserted before Node A provided that odes before Nod
A

Label C = (gg)
- (a.0)=(a-13)

Node ¢ Node A

@)

Node C is inserted after Node B provided that odes after Node |
after Node B;

Label C = (gg)
=(c.g) = (h+1h)

Hode A Node B

(b)

Node C is inserted between Node A and Node B

Label C = (gg)

c¢=h.g+a.b/d

¢=2.ab/d
: where d is Highest Common Factor for
(b.3 +a.b) and (2.ab)

Nade A Node B

MNode €

©

Figure 3. New labels generated due to inon in Persistent Labelil

ParentTable
IdNode pName cName Level LParent  SelfLabel
1 - Library 0 - [1,1]
2 library hoolk 1 &l [1,1]
3 library hoolk 1 &l [2,1]
4 library magazine 1 &l [3,1]
5 hook title 2 &2 [1,1]
(] 6 book vear 2 &2 [2.1]
7 hook authorl 2 &2 [3.1]
» pokgher mapping g ‘Eoollz autbli_org % z% ["-Sl,i]
itle L2 > fil} uhlisher :
52,[:,1].’.|.1:t]t! ® IJ % [ ]
S : - ChildTable
" Drynamic Enterprise
:frEd: :llnl_u:p;n:j' {3,[22.(1:JL.L[|1.: 1 i [-";T]m’ll S (3I51001,11) IdNode Level pName Selfliabel ~ LParent Value
WL ) 1 3 title [1,1] &5 *ZVIL
"Smith’ e
(303150011 Mapping
2 3 year [1,1 &6 ‘20107
3 3 authar] [1,1 &7 “Brnith’
4 3 auther? [1,1 &8 “Johty
5 3 publisher [1.1] &9 ‘Drynatnic

Enterprise’

Figure 4. The structure and sample date-XML

ChildTable (IdNode, Level, pName, SelfLabel, LParent,Value) where:

a) IdNode - uniquely identifies the nodes stored in the Childl€a(assiged based on breéfirst
traversal).

b) Levd - stores the level information of the node in the Xlihcumen

c) pName - stores the element name of the parent
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d) SdfLabel - maintains the selabel or local label of the node node which is JindPersistenLabeling.
e) LParent- maintains the parent label of the node which sttreseference of the parent label (IdNo

from the ParentTable.
f) Value- stores the value of the nc

Figure 4 illustrates some sample data after thetation and mapping proces. From Figure 4,

the initial triplets of Persistent Labeling (levidarent label], [local label]) is shredded intoeth column:
namely, Level, LParent and SelfLal Figure 5 illustrates how the hiecaical relationships could t
determined from s-XML.

Paren-child relationship

Node 1 1. Get LParent of Node 2 in ChildTabl
2. Use LParent to trace idNode in Parentl
3.Get pName from ParentTable based on the id

Mode 2
Ancesto-Descendant relationship

tode 1 1. Get LParent of Node 2 in ChildTabl
2. Use LParent to trace idNode in Parentl
Mode 2 3. Get the LParent of the located in Parent
4. Trace LParent using Step 4 until Node 1 is ree

Sibling relationshi
Node 1
e 1. Get LParent of a Node 2 from ChildTe

2. Use LParent to get idNode from ParentT
3. If LParent of Node 2 is same with Node 2 (get LPa

MNode 2 Node 3 L . P
similar with Node 2) then Node 2 and Node 3 arérgis

Level
1. Level information for non-leaf node is storedPiarentTable
2. Level for leaf node is maintained in ChildTable.

Figure 5. Relationship supported by s-XML

4, EXPERIMENTAL DESIGN
4.1. Experimental Setup

We have implemented XML using IntelliJ IDEA Community Edition 9.0.1 usj JDK 1.5.0 ani
MySQL as the database. Experiments have been d¢aoté on thelineitem dataset obtained from t
University of Washington XML repository [15]. Allus experiments are performed on Acer Intel Peni
dual-core processor T2390 with 160 GB HDD and 1GB DDRRnumbers presented here are produce:
running the experinms five times and averaging the execution timeseokral consecutive rur

4.2. Performance Results
Mapping to Relational Database

The first experiment was conducted to evaluatestfieiency the mapping scheme to map the X
data to relational databaseXBiL was compared against the existing mapping apghmes such as the Ed
Attribute and DTD schemes. The results of the expamts are shown in Figure

The eyerimental results show that Edge approach tookdhgest time to map the XML data
relational database, followed by Attribute and DTapping schemes. This is due to the fact that |
approach is only practical when smaller datasebreern becau the entire document is loaded into sin
Edge table. This consequence will be an inversenwaeyer dataset is concern bcause it complicdte
mapping process and data management becomes imeifidhe delay in Attribute and DTD mappi
schemes areaused by the property of these schemes thatcie#tde tables based on dictinct element ne
that appear in an XML document and table creatd®yends on the cardinality of the elements in th®|
document respectively. TheXdML mapping scheme perfored the best due to its simple mapg
techniques and the data is well distributed amasenaate number of tables whereby the number o
tables and format of the tables are fixed regadésise complexity of the XML docume

Query Processing

Table 1 shows the description on the query performedhenlineitem dataset stored in relatio
database. Using relational database as the undgiyorage, the query is written based on StrudtQneery
Language (SQL) command. The time taken to retridn¢ queries is depicted in Table 2 while Figur
shows the performance comparis

Bridging XML and Relational Databases: An Effectitapping Scheme based .... (Samini Subramaniam)
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Table 1. Query description for liteitem dataset

Query Query Description

No.

Queryl Retrieve the label name for the value ldaréful packages wake’

Query2 Calculate total quantity of orders in the XNbcument

Query3 Retrieve the ship instruction for the itemith the comment like
‘even accounts cajole slyly’

Table 2.The SQL command and query retrieval time for Edgtibute, relational DTD
and s-XML approaches.

Approach Queryl Time (ms)
Edge select * from edgetable where data like ‘cAnehckages wake%’ 1033
Attribute select * from t where targetID = (selscurcelD from L_COMMENT where data = ‘careful 315
packages wake%’)

DTD select * from L_COMMENT where data like ‘céubpackages wake%’ 252
s-XML select parentName from childtable where vatueareful packages wake'. 218
Approach Query2 Time (ms)
Edge select sum(data) from edgetable where tag3tJANTITY" 1646
Attribute select sum(data) from |_quantity 495
DTD select sum(data) from |_quantity 279
s-XML select sum(data) from childtable where paxame="L_QUANTITY’ 310
Approach Query3 Time (ms)
Edge select ship.data from Edgetable ship, EdgetaishmentT, Edgetable t, Edgetable tablel 5346

where ship.tag='"L_SHIPINSTRUCT"

and commentT.tag='L_COMMENT'

and t.tag='T' and tablel.tag="table’

and tablel.targetID=t.sourcelD

and t.targetID = ship.sourcelD

and ship.sourcelD = commentT.sourcelDand commeatd like ‘even accounts cajole slyly%'
Attribute select ship.data from I_shipinstruct3psti comment3 comm, t3 t, table3 tb 921

where tb.targetID = t.sourcelD

and t.targetID = comm.sourcelD

and comm.sourcelD = ship.sourcelD

and comm.data like 'even accounts cajole slyly%'

DTD select t.L_SHIPINSTRUCT from t1 t, |_commenth,dable tb where tb.id = t.parentID and 537
t.parentID = cm.parentlD and cm.text = 'even actouaajole slyly'
s-XML select value from childtable where parentUabéselect selfLabel from parenttable where 591

parentName = 'L_SHIPINSTRUCT' and parentLabel te¢igarentLabel from parenttable where
selfLabel = (select parentLabel from childtable vehealue = 'even accounts cajole slyly')))

8000000 7569680

6000 - . 4
OEdge o =] [m] Os-
7000000 - 687196 g Edge BAiribute ODTD DOs XMJ3_ 6
BAttribute
6000000 | 5000 -
5000000 e opTh
N 8906848 Bs-XML 4000 -
| Time (ms
£)00000 S
<] 4
F00000 - \\ 3000
2000000 - \ 2000 - 1533 1646
1000000 - \ 021
1000 - 37525
. W f
Mapping Schemes 0 -
Figure 6. Mapping XML nodes into the relational Query : Query Query ¢
databases Figure 7. Performance Evaluation Results

From the results obtained, we observed the follgwin
a) For simple query, Queryl, the performance of thiatitenal DTD, Attribute and s-XML approaches are
comparable while the Edge approach performs thetwal approaches perform only simple table scan.
In the Edge approach, all data are shredded isiogie table. As such, the table scan operatiothen
Edge approach is rather slow due to its huge numibews.
b) For aggregated query, Query2, the Relational DT®the s-XML approaches performed the best.
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c) Relational DTD performance degrades for queriesling complex/assorted combinations (especially
on Query3). Since Relational DTD solely dependimgtlee occurrences of elements in the dataset, it
performed slower for complex queries due to mudtipbins required. Unlike Relational DTD, the
number of tables generated in s-XML approach iedixegardless of the frequency occurrence of the
element. As for the Edge approach, the perform@ntee worst as it involves several self-joins with
the huge table itself. Since joins are the mogteasive evaluations in relational database, theyque
processing on the database stored with the Edgeagpwas the worst.

BLSDX-Map  BORDPATH-Maf
Os-XML

B SDX-Map BORDPATH-Map @s-XML

N N
o a1
1 )

Line Item Line Item

Figure 8.Insertion of new nodes Figure 9.Deletion of nodes

Dynamic Update

The next experiment was conducted to evaluate ffi@eecy of the labeling schemes in terms of
dynamic update, to be exact, measuring the timentaé insert and delete bulk of nodes from theitime
dataset. Since the labeling scheme in the Reldtibi®, Edge and Attribute approach do not support
dynamic update, we employ ORDPATH [10] and LSDX E§ the labeling scheme for comparison.
Henceforth, ORDPATH, LSDX and Persistent labeling known as ORDPATH-map, LSDX-map and s-
XML respectively. Figure 8 shows the experimenésiults for new insertion of nodes into lineitemaceat.

LSDX-map took the longest time to generate newltafm newly inserted nodes. This is for the
reason that LSDX causes collision during new lajeeration and also complexity in mapping process.
Furthermore, the size of the labels reduces theigity of this labeling scheme as compared to s=X@n
the other hand, the performance of ORDPATH-mamimmarable to s-XML due to simple calculation for
new label generation and faster mapping to thetiogls s-XML performed the best due to controlled
labeling size regardless of the complexity of thigllXdocument and dynamic update which is an added
advantage compared to other approaches.

Besides that, these labeling schemes were alsoatedl in terms of their robustness during node
deletion from lineitem dataset and their resultseanrecorded in Figure 9. LSDX-map took the londase
to delete the nodes and update the new documeliwédl by ORDPATH-map and s-XML. The
performance of ORDPATH-map and s-XML is analogoinges they require least time to delete the nodes
and update the document. The ever-increasing lIsizel of ORDPATH-map causes its performance to
degrade as compared to s-XML which maintains theliag format in any circumstances.

5. CONCLUSION

XML document requires robust and seamless mapgipgoach which allows for efficient and accurate
data shredding into relational database. In thjgepawe proposed a new mapping scheme named s-XML
which is based on Persistent Labeling scheme tgatipstructural queries retrieval efficiently. The
experimental evaluations revealed that s-XML preedsquery efficiently, especially on complex queids
compared to Relational DTD, Attribute and Edge apphes. In addition, the performance of s-XML was
better than ORDPATH-map and LSDX-map in terms efghpport during dynamic update.
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