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摘要
先進軟體計算國際會議 (ICASC 2013)是SCIEI PHUKET CONFERENCES (SCIEI 2013)中的三大議題之一。SCIEI 2013於5月26日至5月27日在泰國普吉島的攀瓦角(Panwa Cape)舉行，含三大議題，ICASC 2013為其第二議題，兩天議程共邀請兩位國際知名學者演講及16篇論文發表。此次ICASC的學術議程僅含邀請演講及口頭論文報告兩種形式，沒有以海報張貼的論文發表形式，論文的接受率約為73%。本人獲邀任5月27日下午議程(PM. 2:00 ~4:00)之會議主席，主持8篇論文發表。我們的論文屬口頭報告，安排在第二天議程中，由博士候選人張旭光發表(附件一)。此篇論文在會後的投票表決中被評為最佳論文發表獎，於正式宴會中獲表揚。本人亦獲邀ICASC 2014議程委員之一(附件二)。 
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1、 本文
1. 目的
有鑑於工業與資訊技術的快速發展，各領域的學者與研究人員開始討論一些結合先進軟體計算的方法。ICASC 2013是先進軟體計算研究領域中的一個重要年度國際會議，由美國科學與工程學會(Science and Engineering Institute (SciEI) of USA)所主辦。會議目的在提供一個面對面的交流平台，讓與會學者和研究人員可以聚焦於此一主題彼此交換意見與想法。我們於此會議中發表一篇論文(附件三)，本人亦獲邀為此議題之會議主席(附件四)。

2. 參加會議過程
此次會議與會人數一百多人，屬中型規模的國際會議。會程結合未來計算機與通訊(Future Computer and Communication)、先進軟體計算(Advance in Soft Computing)、和視訊與多媒體(Video and Media)等三大議題平行進行。我們於5月25日下午約3:20到達會場，辦理完報到，即去check in。正式的會議行程於5月26日早上9:10開幕，由會議主席吳博士(華僑)致歡迎詞並介紹三大議題的keynote speakers，隨即進行演講。ICASC 2013邀請Prof. Yang Xiao和Dr. Girija Chetty兩位keynote speakers演講。Dr. Yang Xiao現為 Alabama大學教授，發表50篇IEEE論文，是參與制定IEEE 802.11的通訊專家，主講感測網路的現況，包含感測網路(Sensor Networks)源於NASA需求到森林防災的演化歷史、Sensor結構的演進、三種基本感測網路通訊架構、進而介紹美國的研究現況和他們研究團隊的現況，內容非常精彩且發人省思。Dr. Girija Chetty 的演講安排在5月27日AM.9:30。她是一優秀的產學兩棲學者具豐富教學與產業經驗，目前主持澳洲Canberra 大學內的一個Multimodal Systems and Information Fusion Group，主講多模系統與資訊融合現況。資訊融合源於衛星影像和醫學影像的需求，是一典型的應用導向科學。有人詢問多模系統的整合問題，她以經驗強調順序性的重要。本人提問在融合多種特徵的系統中，有時會發生強特徵主導一切或被弱特徵拖累的情形，此狀況發生在本人所做的研究超音波乳癌辨識中，以您的經驗如何解決此狀況？Dr. Girija Chetty的回答很實際，她也遭遇過相同的情況，這時只好找programmer下苦功隔離和再分析這些特徵，重新定義權重，不過她覺得應該case by case，有時必須存在放棄多模決策模式的選項。會場的討論氣氛蠻熱烈，尤其是一位來自馬來西亞的女大學生，完全不會怯場。會後與她聊天，她已大學畢業目前在大學教書，由於職位尚低，為了有國際觀，學校要求她每年必須參加兩次國際會議，他從大學就開始發表專題研究成果，這是她第三次參加國際會議，這些經驗也推動她未來繼續深造的動機，令人印象深刻。
ICASC 2013的第四個議程有8篇論文要發表，時間PM. 2:00 ~4:00，每篇論文分配15分鐘，由本人主持。內容包含番石榴新鮮度的檢測、XML文件的表示與搜尋、使用Memetic 演算法求解圖著色問題、黎巴嫩會計資訊系統的趨勢、VVVF感應驅動馬達速率之模糊PID控制補償系統、基於LSSVM 與ABC的自然資源預測模式、雲端計算中遠端資料處理的可靠性分析、異質感測網路之智慧型大樓防災等。大部分主題皆不是本人專長，有些鴨子聽雷，惟番石榴鮮度檢測屬訊號處理是本人專長之一，因聽的太專心，忘了注意時間，為了補救失去的時間，我臨時要求以完整路徑樹描述XML文件的演講者張旭光先生縮短演說時間，他以約12分鐘的時間簡明地表達論文的精髓並精確地回答兩位聆聽者的問題，此特殊表現贏得滿場掌聲，亦獲得最佳論文發表獎。

3. 與會心得與建議
此次與會，兩位學者專家對研究工作的熱忱與孜孜不倦的精神令人映像深刻而十分敬佩。他們皆各自有一跨越學校或結合產學的研究團隊，每年要做一個完整的survey、擬定一個先進的研究目標和預計的研究成果，這讓我非常的羨慕。高科技產業的發展與技術人才的培育通常須植基於創新的研發過程，然而目前台灣的教學型大學在研究上仍存在一些障礙，不利於高階人才的培育。以科技大學為例，教學負荷沉重，大學畢業後，較優秀學生從未留下來，這使得研究工作須付出更多的精力與時間。或許政策上是認為教學型大學本就不要做研究，但這種想法基本上否定了科技多樣性具相甫相乘的重要性，太狹隘的發展通常難以應付衝擊，小兵常會立大功。在資源有限的情況下，團隊方式是一個有效整合資源和發揮戰力的方法，只是成功的實例實在很少，即使在研究型大學中也不多見，這是一個值得深思的問題。馬來西亞同學的範例亦觸發我的靈感，是否可考慮將參加國際會議列入新進教師的考評，畢竟導師對學生的影響是直接且較一般宣導有效，建立大學生有國際觀對提升國家競爭力是有實質的幫助。此次十分感謝國科研究計畫的經費補助和支持，除了吸收世界各地優秀學者所提供的研究資訊之外，對於這種直接面對面交流與觀摩的機會，與會者提出的最新成果和交流思想對提升新技術的研究開發都能促進更多技術的提升也更能夠提升國內的研究水準，並提高台灣在國際學術研究上的能見度。 另外，大會在中午及晚上皆安排有餐宴，可與鄰坐的學者近距離聊天；當天晚上則舉辦了conference dinner，這種場合更是練習語文溝通表達能力及更進一步認識其它學者的好時機。
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@ Any XML datum defined with the document type definition
(DTD) can be modeled as an ordered label tree [3]. The
hierarchical tree information is extracted by a pre-ordered
traversal process performed with a document object model
(DOM) API [1]. Following this, the CPE extraction based on
the SSTs of XML data is described and the CPR is presented.

@ Part A: The Extraction of Structural Summary Tree (SST) of
XML Document.
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@ The SST of an XML document can be extracted by four

functional processes, as follows:

Step 1: This step performs a tree conversion using Java DOM (JDOM),
where the tree element values are neglected. For the DTD-
formatted XML datum of Example 1, the tree conversion process
result is illustrated in Fig. 1.

Example 1.
<!ELEMENT books (books*, intro*)+>
<!ELEMENT intro (title, author)>

JEMENT title (PCDATA)>

<!ELEMENT author (firstname, lastname)>
<!ELEMENT firstname (#PCDATA)>
<!ELEMENT lastname (#PCDATA)>

Hsu-Kuang Chang, ICASC 2013
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& The tree representation of Example 1 based on the
JDOM.

<books>
<books> <intro>
<bock5>/>t{> <title> Zauthor>
/\
books> <intro>  <title> <author> <firstname> <lastname>
<intro> <title>  <author> <firstname>

<lastname>
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<title> <author> <firstname> <lastname>

<firstname>  <lastname>

Fig. 1. The tree representation
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Step 2: For efficient matching, we symbolize the name of the tree
node with an abbreviated character order, as shown in Fig. 2.

Fig. 2. The symbolization of tree node

/
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Step 3: The SST extraction requires two simplification procedures:
a) For each node, examine whether the current node’s name is
equal to an ancestor’s name. If it is, set the current node’s
sub-tree to be a child of the ancestor; The purpose of this
procedureis to remove nested sub-paths, as shown in Fig.
3.

b) Eliminating repeated branches. Fig. 4 shows the repeated
branch elimination result where the simplified tree is the SST.
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Step 4: For the extraction of CPEs, it is necessaryto construct
the adjacent-linked (AL) lists of the SSTs of all XML data.
The AL list of the SST in Fig. 4 is given in Table 1 where
&i[n] denotes the nth head node of the ith XML datum.

Table 1. The AL list of SST in example 1.

8[0]- 8[1]- 3[2]- 53] 8[4]: 8[5]:
<B > <I> <T>d < A > <F > <L>
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@ Part B: Complete path element extraction and

representation.

Table 2: The four level complete paths of the SST of Example 1.

Four CP sets CP elements

CPy /BUA/~ | BA~~ |/BU~ |/Bi~i~~ | /Bl~i~
CPyy I~VAI~ | I~~~

CPys I~l~t A~

CPy
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@ Part B: Complete path element extraction and

representation.

Table 3: The CPR for three XML data in Fig. 5.

CPs- complete path elements.
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@ Part B: Complete path element extraction and

representation.

<B> <B> <M>
<[> <[> <[> <[> <[>
<T> <A> <T> <A> LT <A>
<D> <F> <L> <F> <L> <L>
Doc | Doc 2 Doc 3

Fig. 5. The SST of three XML documents.
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@ A new XML data representation called CPR is presented as
a means of providing an efficient and versatile query
service.

@ CPRuses complete path elements as XML data description
features. In association with a modified inverted index, the
CPR approach can preserve both structure and semantic
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Structural Summary Tree with Complete Path
Representation for Intelligent Query of Social-Web
Documents

Hsu-Kuang Chang and King-Chu Hung

Abstract—Compiling documents in extensible markup
language (XML) increasingly requires access to data services
which provide both rapid response and the precise use of search
engines. Efficient data service should be based on a skillful
representation that can support low complexity and high
precision search capabilities. In this paper, a novel complete
path representation (CPR) associated with a modified inverted
index is presented for the provision of efficient XML data
services, where queries can be versatile in terms of predicates.
CPR can completely preserve hierarchical information, and the
new index is used to save semantic information. The CPR
approach can provide template-based indexing for fast data
search. An experiment is also conducted for the evaluation of the
CPR approach.

Index Terms—XML, DTD, complete path representation
(CPR), structural summary tree (SST), versatile query.

I. INTRODUCTION

By recommendation of the World Wide Web Consortium
(W3C) [1], XML has served as a standard information

description language widely used in computer communication.

This facility demands skillful XML data representation for
fast internet searches [2]. Since XML data can be uniquely
described with a semantically structured tree (ie., a
hierarchical structure associated with relationships among
nodes), both structure and semantics are significant elements
of XML data representation and feature selection.

XML data representations can be categorized into string
[3], [4] and path [5]-[15] groups. String representation can be
derived with a preorder traversal algorithm; it requires
dynamic programming for edit distance measurement. This
approach, with its lack of structure information, may lead to
indeterminate search results. Path approaches use sub-paths
as the features, and represent each XML datum as a binary
vector. An element in the binary vector denotes whether the
datum involves a corresponding feature, where such features
can be defined as tree nodes [6], two-node sub-paths (ie.,

node-pair (NP)) [7], [8], or whole paths (WP) [9], [10]. To
improve search efficiency, several path representation
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modifications have been proposed. Yang et al. [11] use the
content instead of the leaf node for node representation. Liu et
al. [12] present a hybrid definition that combines NP and WP
for XML data description. Based on the determined finite
automata, Mustafa et al. [13] and Lee et al. [14] present a
path-embedded string representation. In order to improve the
efficiency of common Xpath and principal component
analysis, Li [15] presents a modified WP with limited-length
paths. These approaches essentially only concern the service
of simple queries (single path queries). Recently, based on
XML QBE[16], XQuery [17], PathStack and TwigStack [18],
and query pattern tree (QPT) [19], several query parsers
[20]-[23] have been developed to facilitate compound-type
queries, which produce versatile multi-path queries in terms
of predicates. Thirteen compound-type queries are also
designed in order to evaluate the performance of this CPR
approach.

This paper is organized as follows: In SectionII, the CPR is
proposed for XML data description. In Section III, the
modified inverted index is described. Section IV shows the
performance evaluation results of handling versatile queries
by using variant approaches. Finally, conclusions are drawn
in Section V.

II. XML DATA REPRESENTATION USING COMPLETE PATH
ELEMENTS

Any XML datum defined with the document type definition
(DTD) can be modeled as an ordered label tree [3]. In this
section, the hierarchical tree information is extracted by a
pre-ordered traversal process performed with a document
object model (DOM) API [1]. Following this, the CPE
extraction based on the SSTs of XML data is described and
the CPR is presented.

A. The Extraction of Structural Summary Tree of XML
Document
SST is the XML tree skeleton commonly used for XML
data representation [3]. The SST of an XML document can be
extracted by four functional processes, as follows:

Step 1. This step performs a tree conversion using Java
DOM (JIDOM), where the tree element values are
neglected. For the DTD-formatted XML datum
of Example 1, the tree conversion process result
is illustrated in Fig, 1.

For efficient matching, we symbolize the name of
the tree node with an abbreviated character order,

Step 2.
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as shown in Fig, 2.

Based on the pre-order traversal process [3], SST
extraction  requires  two  simplification
procedures:

a) For each node, examine whether the current
node’s name is equal to an ancestor’s name. If it
is, set the current node’s sub-tree to be a child of
the ancestor; otherwise, check the next node. The
purpose of this procedure is to remove nested
sub-paths, as shown in Fig, 3.

b) Exhaustive searching based on a Hash table is
applied for discovering and eliminating repeated
branches. Fig. 4 shows the repeated branch
elimination result where the simplified tree is the
SST.

For the extraction of CPEs, it is necessary to
construct the adjacent-linked (AL) lists of the
SSTs of all XML data. An AL list is a data
structure that records the linking information of
each node and facilitates the pre-order traversal
process. The AL list of the SST in Fig. 4 is given
in Table I where d;[n] denotes the nth head node
of the ith XML datum.

Step 3.

Step 4.

Example 1
TELEMENT books (books*, mtro* )+
TELEMENT mtro (title, author)
IELEMENT title (PCDATA)
IELEMENT author (firstname, lastname )
IELEMENT fisstiame (#PCDATA)

TELEMENT lastname (¥PCDATA)

<books>

“Tastname™

<firstname>  <lastname>

Fig. 1. The tree representation of Example 1 based on the JDOM.

o <Ls <F "I S ls <Fs <l
Fig. 3. The XML tree in Example 1 with nested nodes removed.

T P S Level 1
|
e mmemms —pe Level 2
AR
# e
Tz <A>—— —~- Level3
AR
& Y
=P <L>-- Level4

Fig. 4. The SST of Example 1 where the level of root is defined as 1 and
increased towards the leaves.

TABLEI: THE AL LIST OF THE SST OF EXAMPLE 1

5[0} &[] 51 01 S[1] D]
B 1 T A F>| L

| T Nil|

Nil.| Nil

|||

1
A

B. Complete Path Element Extraction and Representation

An example of level definition is shown in Fig. 4, where
four CP sets: CP;.,, CP;,, CPr3, and CP;y, can be defined.
The elements of the four CP sets are shown in Table II.

TABLE II: THE FOUR LEVEL COMPLETE PATHS OF THE SST OF EXAMPLE 1

Fonr CPsats CPelements
[ BIT |BIAF /BIAL |/BIL: BT BI- |3 B
T VAL | /STAG | i-T v
T

Considering a database comprised of the three XML data
shown in Fig. 5, the CPR can be found in Table III. In Fig. 5,
there are two I nodes for both DOC 1 and 3. The two nodes
with different children are distinct and cannot be merged. The
two sub-paths /B/I/T in DOC 2 and /B/I/T/~ in DOC 1 have
the same path length equal to 3, but have distinct distances
from leaf node. The same distinctions also exist between the
two elements /M/I/~ and /M/I/~/~ in the CP;_;.

<3 <B> >
o A~
‘ # g
<I> <I> <> <I> <I>

<T> <A>

> <L> <F>  <L> <L>
Doc | Doc2 Doc3
Fig. 5. The SSTs of three XML documents.

TABLEIII: THE CPR FOR THE DESCRIPTION OF THE THREE XML DATA
SHOWN INFIG. 5§

[ Complete path clements~

T e | B 2| RO\ B R R AL 0| A | ad | e

B | v [ va | VA | T |t [ W [t

| F. R P To |~ | a7
PR EEACAEEE
T vr s (DA VA Tn | Teo| VT0
v e | i e
AL EERC]

Fo|e [t e

M AT

E ~

=3

e

F:

III. INDEXING THE COMPLETE PATH ELEMENTS

A CPE with the tree characteristic is a high dimensional
feature. Traditional B-tree indexing [24, 27, 28] based on
node relationships is suitable for WP, NP and twig queries,
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but is inefficient for CPR, which regards each CPE as a
feature element. In this section, a new index with feature
similarity structure (FSS) is presented for CPE management.
The CPEs of Table III can be represented with a tree
structure, as shown in Fig. 6, where Pi denotes a CPE subset
with path length equal to 7. The CPEs in Fig. 6 are inherent
with the hierarchical information involving path length (Pi)
and level (CP;. ) that are available for inferring semantic
relations, e.g., AD, SB and CN relationships. A B-tree index
witha key design can achieve a balanced binary tree structure
for efficiently indexing the elements of NP and WP, but
cannot provide hierarchical information. To facilitate the
inference of semantic information, the inverted index
structure with additional fields is applied for CPE indexing.
The FSS with feature similarity provides a template-based
hierarchical query service. This service method can
effectively reduce the searching complexity induced by the
path element increment of CPR, compared to that of the NP
and WP. Utilizing the one-to-one property of p, XML
documents can be uniquely described with a feature vector

(FV), defined as
FVpoc =[P, P1> -, Pa s po€ {01} M

where p; denotes the label of ith CPE, and N denotes the total

number of CPEs. The element with p; = 1 implies that the
document involves the ith labeled CPE. This labeling
provides a template-based hierarchical query service. Let
CPsT (1, i) be an indexing template involving the CPEs of
CP;;and P,. An indexing template with (, i) = (1, 1) can be
defined with:

sw o0 0o o o]
CPsT(L]) =

Pe Po P P Pl

where SW denotes a switch. Setting a field of SW to one
indicates that the corresponding CPE is selected. For example,
an indexing template defined by:

swoo1 0 1 1

cAq
CPsT(1.4)= { }
Pe Pz Pu Pis Pisly

will yield a response as:

P13 =/BLT/D inDocl
p1s =/BI/A/LinDocl and Doc2
pis =/MI/A/L inDoc3.

Like the Region [22] and Dewey [26] methods, the CPE
index can be easily updated with numerical labeling Updating
the Dewey method is based on the extended Dewey labeling
[25] [27], [28] which uses modular function to reserve even
numbers for the insertion of new path elements.

The FSS with path length and level also allows the
inference of semantic information. The path elements with
AD relationships can be easily obtained from the CPEs with
the path length field filled in Pi for i > 3, i.e., path length > 3.
For the example of Fig. 5, there are two kinds of AD
relationship where Al involves the path elements with
one-generation AD, and A2 involves the path elements with
two-generation AD. Note that these path elements are
different from CPE, and are labeled with &y~ d;;. SB and CN

are relations among nodes, where these nodes have different
descendants, but have the same father and grandfather node,
respectively. For SB, the father nodes can be found in levels
CP;yfor 1={<L-1. Furthermore, the search of CN nodes aims
to verify whether their father nodes are inherent with a SB
relationship. The tree structure index, including semantic
information, is illustrated in Fig. 7, where SB and CN
indexing requires fewer levels than the indexing of AD.

D BT

—» Docl
- \ P L BIA > Docl— Doc2
L po L T -

T —>

= Barm —> Doct
> BUAF —s Docl—pDoc2

> BUAM —pDocl —» Doc2
> BIUAL —# Docl—#Doc)
> MUAL— Doc3

Vi~ = Docl — Doc2 —» Doc3
V- — Doc3

i
VA
1"

11D — Docl

A —> Docl
P | ehelT =Doct
l —
s T —» Doc2 — Doc3
o o |ertp e Doct
o,
P3| AF — Docl
P
. P f—tm/~/~/AIL —= Docl — Doc3
- Lo oAt > Doct — poc2
Y - D —» Docl
> Doc2
5 b oL — el — Doc
pie /s~ Docl — Doc2
Fig. 6. The index structure of the tree representation of Fig. 5. Italic is a new
path inserted.
BT/ Docl
e T ntmtes SO
77| e o (A1 > /BT —»  Doc2
/ oo 13| | 52 Rl = Ded
/ / X 5. [ Mi~A~ = poes
/ / | L
/ { o i Dect
/ v‘ aps | Py e ——
| / 91| g /Bi~i~/L - Docl — Dac2
/ e | 4“”‘ 95 | > /Mi=i~jL > Doc3
If g
| Go|—w ~-/D—>Docl
-, » (~/l{~/F ~®Docl — Doc2
| i VWi Docl-eDoca-rboss
P i/l —m Doc
T i~~~ —% Docl
> i1/~ —pDac3
> Al — Doc3
> [/-iA e Doc2
J-T — Doc2
It _
o # Docl
F ™ poc2
| "
(/- Ti = Docl
It~/ A~ e Doc]
=l AI~ — = Doc3
/T — Doc3
/~iD
¥ o Docl

Fig. 7. The index structure of the ADs, SBs, and CNs of Fig. 6.
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IV. EXPERIMENT

For the data service efficiency analysis of CPR, an
experiment using the simple dataset of Fig. 5 was performed.
In this dataset, WP and NP have 6 and 10 feature elements
respectively. For CPR, the feature elements of CPE and AD
relation are 34 and 13, respectively. Some queries shown in
Table IV are designed for the simulation of versatile client
requests. These queries can be categorized into CPE
(TPO~TPQg), AD  (TPQo~TPQ,), and SB&CN
(TPQ~TPQp) groups, where TPQ,~TPQ; belong to WP and
NP types. TPQpis special due to the distinct I nodes. Decoded
with the query parser [23], these statements can be translated
into compound tree-pattern queries. Two commonly used
indices: searching complexity and accuracy, are applied for
performance evaluation. The searching complexity (SC) is
defined with the total checking times required for matching all
of the query paths. Here, we suppose that all of the path
elements (in dataset) fitting query conditions should be
checked in each query path matching. For TPQ;, there are
four query paths with level=1 and path length=4. The level
and path length determine the selection of the query template:
CPsT(1,4), where four path elements: pi3~pis, satisfy the
conditions. Considering exhaustive matching, each query
path should be matched four times. Thus the query service of
CPR requires a complexity of SC=4x4=16, and the SW fields
of py3~p1s will be setto 1:

Cha

SW
Py

1
As

1
Aa

1
As

1

CPsT(1, 4) :[
Asly

The complexities required for serving TPQ,~TPQy are
evaluated in Table V, where the symbol ‘- denotes that this
representation method cannot serve the query. For TPQ,,
there are three 1-level query paths involving two
one-generation AD and one two-generation AD. The level
and AD relations determine the selection of two query
templates: ADsT(1,1) and ADsT(1,2), where the former has
five elements (dy~d4), and the latter has four elements (d5~ds).
Also considering exhaustive search, the SC of TPQ, can be
found as SC =5 *2+ 4 = 14. The query templates are set by:

swoo 1 1 0 o]
ADST(L1) = ,

6# 60 61 62 63 64 4

swo1 0 0 o)™
ADsT(12) =

6# 65 66 67 68 4

For TPQ5.p, the level and semantic relations will determine
the selection of the three query templates: SBsT(3), CNsT(3),
and SBs7(2). By using exhaustive search, the SC of the three
queries can be found as SC = 4(2x2), 9(3x3), and 4(2x2)
respectively. The query templates are set by:

swoo1 1 %

SBST(3) = ;
Py Pas  Por

CH,

w1 1 1™

CNST(s){ } > and

Py Pis P Pu

w1 1%

SBST(2) = :
P Pu P
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TABLE IV: SOME QUERIES FOR THE SIMULATION OF VERSATILE CLIENT

REQUESTS
Query | Description | Tree Pattern Query | Query | Description | Tree Pattern Query
Find . Find
documents | #7 1w documents | B T
TPQ | withfour [ [ ] TPQ [ withtwo |t :
dlength [ b b ou i dength | ¥ '
whole paths whole paths
Find i Find i
. documents | 1 i ' " documents 1
PO | iththree | 1 T ¥ PO e (T 1 2
level 2 NPs. level 3 NPs.
Find Find
documents documents .
Lo | with the NPs e with three b
TEQs | s tevata. TPQs | 3-tength path | 24—
clementsin B ¢ L
level 2
Find Find (
documents - T =, documents ‘:
TPQ: | with nodes [ N b ] || withear | - -
and T in level T ! nodes Tand |
2and3 D
Find 2 Find 7
documents | ¢ ) = documents b
. with M being | - . - with B being
TPQ | i TPQA s (] | 1
ancestor v " ancestor of T. “ |
and . A.and D, -
ancestor of F.
Find Find
documents documents
TPQs | with T and A TPQc | with T and A
being sibling | 1wt te being cousin | 1
on level 3 on level 3
Find B
documents
TPQo | withlandI
being sibling
on level 2

TABLE V: A COMPARISON OF THE XML DATA SERVICE PERFORMANCES OF
WP, NP, AND CPR APPROACHES FOR THE QUERIES GIVEN IN TABLE IV
sC
NP

SA
NP
F

Iree Pattern Queries

WP CPR

]
|

CPR.

TPQ:
TPQ2
TrQs
TPQ,
TPQs
TPQs
™o

TPQ;
TPQs
TPQa
TrOs
1PQc
TPQp

16
10

16
10
9
9
34
9
10

s

14

o

B A e T A )
wt vt (o (o o o |
wlu|o w|o|v|o o|u|v|o o|n|y

Searching accuracy (SA) is defined with two bi-levels:
Success and Fail, indicating whether or not the document can
be found. With WP and NP element queries, the documents
satisfying the conditions of TPQ,~TPQs can easily be
retrieved for the WP and NP approaches respectively. For
queries TPQs~TPQs that request sub-paths starting from
different levels, neither NP nor WP can handle these queries
due to a lack of level information. The experiment clearly
shows that NP and WP are subsets of the CPR. Nevertheless,
with hierarchical template search, the increased feature
elements do not reduce the searching efficiency of CPR at all.
With the semantic relation inference capability, CPR can also
easily serve the queries with inherent AD, SB and CN
relationships. The SC of TPQ, and TPQp, are shown in Table
V. However, neither WP nor NP can handle these queries due
to a lack of level and path length information.
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V. CONCLUSION

In this paper, a new XML data representation called CPR is
presented as a means of providing an efficient and versatile
query service. CPR uses complete path elements as XML data
description features. In association with a modified inverted
index, the CPR approach can preserve both structure and
semantic information, as well as provide a template-based
indexing for fast XML data search. Performance evaluation
results show that the CPR can be an efficient kernel for XML
data service.
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