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Abstract: In order to enable the Web data to be applied in a non-Internet environment, overcoming the
timeliness of Web data, this study proposes a domain Web data standardization orgamzation method. The
domain Web standardization organization framework is established and the acquired data are divided into three
categories: Structured, un-structured and semi-structured. With respect to the semi-structured data within an
umplicit scheme, we use a rational code design to transform semi-structured data into structured data. Combining
file system and relational database, a standardization organization method 1s established for the three types of
data. Experimental results show that this method is effective and efficient.
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INTRODUCTION

With the development of Internet technology, the
mnformation amount from the Web 1s more than hundreds
of thousands of TB. Although the electronic commerce 1s
the main driving force of the Web, the Web is not limited
to this and oriented to various subject domains in the real
world (Hicks et al., 2012; He et al, 2007), who has
gradually developed into a huge, global mformation
center (Marin-Castro et al., 2011). The Web, as an Internet
mnformation distribution platform, mainly distributes data
in the form of Webpage and the Web data is very
valuable n many fields. Due to the website m the internet
is developed by different individuals around the world, it
leads to that the Web data is heterogeneous,
autonomous, distributed and domain diverse; which
mcreases the difficulty of Web data application. Thus,
extensive research of the Web is carried out in order to
acquire useful information (Liu et al., 2007).

Due to the individual differences between Web data
providers, there 1s a lot of timeliness in Web data. Once
the Web data providers terminated the service, the users
could not acquire the required data. On the other hand, to
the Web data users who are not in the Internet
enviromment, it 18 needed to organize web data reasonably
so as to meet the applications requirements in
non-Internet environment. In view of above reasons, a

domaim Web data standardization organization method 1s
proposed. According to the main existence format of web
data, the valuable data acquired from the Web data
providers are divided mto three categories; in the light of
each data category characteristics, the standardization
orgamzation method is established. The study 15 a
preliminary  exploration of domain Web data
standardization organizations and provides strong
supports for the wider application of Web data.

DOMAIN WEB DATA STANDARDIZATION
ORGANIZATION FRAMEWORK

The mformation in the Web can be divided mto two
parts  which are the Swface Web and Deep
Web, according to the "depth" of the information
(Bergman, 2001). They focus on contents of different
levels and forms (Tripathy et al., 2012): The Swface Web
data mainly exist in the format of semi-structured and
Deep Web data mainly exist in the format of structured
and unstructured (Zheng et al., 2005). Therefore, in order
to standardizing organization of the acquired valuable
data, the domain Web data can be divided into different
categories to dispose according to the Web data main
existence format. Domain Web data standardization
organization framework 1s shown mn Fig. 1.
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Fig. 1. Domain web data standardization organization

framewaork

First, domain Web data classification. According to the
existence format, the Web data are divided into structured
data, unstructured data and semi-structured data three
categories.

Domain structured data. Tf the users have a clear and
definite understanding of data structure and types, at the
time of submitting the Web data request, the acquired
Web data will possess good relation schemata and
these data which are made up of the basic type data
(such as integer, float, string, etc.), are classified as
domain structured data category.

Domeain unstructured data. If the users have a clear
and definite understanding of data types, at the time of
submitting the Web data request; some data are too large
(such as audio, video), or their structure are uncertain
(such as the file who possess clear mnput and output but
unclear internal structure), or their structure are too
complex to split (such as multi-dimensional data files) and
these data are classified as domain unstructured data
category.

Domain semi-structured data. The data, without
mandatory schema constraints and fixed structure, are
defined as semi-structured data. It 1s an intermediate
category
(Buneman, 1997). Although it possesses some structure

between structwed and unstructured
mn a certain degree extent, it owns implicit schema,
dynamic structure and relaxed type constraint. These
acquired data are classified as domain semi-structured
data.

Second, transforming the semi-structured data to

structutred data. Due to the flexible schema,

semi-structured data can meet the needs of the Web data
exchange m the distributed heterogeneous enviromment.
But disposing those indeterminate schema data brings
great difficulties to the traditional database and reduces
the efficiency of data dispose. So, it is necessary to
transform the unfixed structure data to the structured data
who owns good schema constrains; the relational
database, whose theory and technology are mature, is
taken advantage of to orgamze semi-structured Web data
and plays an obvious role in the data organization and
managerment.

Third, taking the different data dispose approach,
according to the domain Web data category.

Domain structured data dispose. The structured data
owns good relationship schema and users are clear about
data structure and types, so the relational database,
whose tables are established according to the known
relation schema, 1s made sufficient use of to store and
manage these Web data since the basic storage umt of
relational database is highly structured.

Domain  unstructured data  dispose.  These
unstructured data which owns explicit types and is not
suitable to be stored in relational database table, can be
stored in the file system. Their explicit schema information
is used to establish the corresponding index mechanism
and these Web data are managed by the file system and
the relational database together.

Domain semi-structured data dispose. The semi-
structured data can be stored in the definite schema
relational database tables, after transforming the semi-
structured data to structured data;, these Web data are
managed by the relational database.

Finally, Synthesizing data dispose results of the three
categories to complete the Web data orgamzation.
Although the Web data amount 1s very huge, the amount
of data which users really concerned about is limited with
regard to specific domain, Through the correlation
analysis between dispose results of structured data,
unstructured and semi-structured data, the structure of
relational database tables 1s optimized and the domain
Web data are organized by relational data base and file
system standard and orderly.

Based on the above data standardization organizing
framework, domain Web data standardization storage is
realized and the advantages of the mature relational
database, such as integrity, security, concurrency control
and recovery technology, can be take use to manage data
effectively. Due to the structwed data is highly
compatible with the basic storage unit of relational
database and the method, that using relational data table
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to orgamze structured data, is relatively mature; the
organization methods of unstructured data and semi-
structured data in domain Web data standardization
orgamzation framework are the main research content.

DOMAIN UNSTRUCTURED DATA ORGANIZATION

For the domain unstructured data, storing them in the
file system 1s not enough and standardization organizing
these data for serving the applications is also need to be
Based on the
standardization organization framework, the unstructured
data 1s stored 1n the file system and, according to a certain
standard; the mdex of wnstructured data 1s established by
the relational database which takes use of unstructured
data basic information. The unstructured data 1s organized
combining with the file system and relational database. As

considered. domain web data

shown in the Fig. 2.

In the relational database, the basic information table
is the core of standardization managing the domain
unstructured data. It mainly consists of two parts, path
information and description information. Path information
mcludes data acqusiton date, type
Description information is mainly used to explain the basic
information of the unstructured data, such as the space

and name.

and the application direction. The content of describe
information should be established in line with specific
application requirements. In addition, with the basic
information table and other information description table
(as the table of types shown in Fig. 2), the relational
database can overall describe all kinds of mformation
included in the wstructured data, in order to meet specific
application requirements.

As to organizing domain unstructured data, the first
step 18 to orgamze the basic information of the
unstructured data in the relational database. And then,
establishing multi-level index of unstructwred data
through the path information of the basic mformation
table and building the map between basic information of
unstructured data i the relational database and the
storage location in the file system. At last, storing the
unstructured data at the corresponding position in the file
system where maps to the path information. As shown in
Fig. 2, if the path information of unstructured data is
“Date: March 2nd, 2014; Type: avi, Name: Name”, then its
location in the file system is™ (File System Root
Path)\201 4\Mar\3nd\avi”. According to this way, on the
one hand, the file system and the relational database are
together, to Dbuild the standard of
organizing domain unstructured data. On the other hand,

combined

Relational database
e —————— Typetable

fvee [ ]

Basic information table
| Applicatior'l

| Date | Type | Name | Size |

l Path information | Description information |

File System
[2013] [2014] [2015] [2016]
pae | (=] [F] [ma]
(=] (] [54]

e (] (@] (@] -
[

Name: /Name/ Domain unstructured Web data/

Fig. 2: The domain unstructwred data organization

organizing structured, unstructured and semi-structured
data in the same relation database is achieved.

DOMAIN SEMI-STRUCTURED DATA
ORGANIZATION

As the latest standard of internet data organization
and exchange, XML has become the most mmportant
source Fof semi-structured data. As it were, XML is
semi-structured data of the internet. So, for the domain
semi-structured data XML, designing code rational and
transforming the schema mdeterminate XML to structured
data which is organized and managed by relational
database, is the key of standardization organization.

The concept of vector in mechanics and analytic
geometry is introduced to the semi-structured XML data
coding. Coding scheme identifies the order of nodes with
vector gradients and records the nodes path information
to support the string pattern matching.

Mathematical model: All the used vectors are located in
the fourth quadrant of two-dimensional Descartes
coordinates and let v = (x, y) denote vector.

Definition 1: Gradient, the gradient of vector v is:

G(v) = -y/x (1)
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Theorem 1: Suppose that a = (x,, y,), b = (X, ¥,) denote
two vectors and their gradients are G (a) and G (b). If
VX, > yo/%,, then G (a)<G (b).

Theorem 2: Suppose vector ¢ = (X, y5), for the vector a
and b in the theorem 1, if ¢ = at+ b, as shown in Fig .3, G
(€) = v/%;= (¥, 1y (x,1%;). then G (a)<G (c)<G (b).

Proof: Theorem 1 states that y,/x>y,/x,, so:

Gey=— 317 __Giry)ix
X, + X, (x, +%,)/ X, (2)
LTSS R _ Y _gmy
(X +x%;)/%, X,

G (2)<G (c) is similarity and then G (a)<G (¢)<G (b).

Corollary 1: The vectors @ and b, via linear operating, can
get the vector 2at+b, at+b, a+2b. According to theorem 2,
their gradients are in the gradient interval constituted by
G (a)and G (b).

Corollary 2: If the gradient nterval of G (¢) 1s (G (a), G (b),
according to the corollary 1, the gradients of 2atb, a+h,
a+2b are also n the gradient interval of G (c).

Corollary 3: For the gradients in corollary 2, the gradients
difference between 2athb, ath is G (a), while the gradients
difference between a+b, a+2b 1s G (b). Thus the gradients
difference between 2Za+b, a+b i1s smaller and it 1s m the
gradient mterval of G (c).

Data model: The basic idea of modeling is to convert
semi- structured XMI. data to tree graphs, making the
basic elements of XMI, data as nodes and the relationship
between the elements as edges in the tree graph and
establishing the node data model. Without loss of
generality, four types of nodes are considered and they
are element, attribute, text and empty element. The
modeling principles in the study can apply for the other
types of elements, such as annotation, namespace. For
each node in the data model, adopting the non schema
mapping method and the fixed relation schema, the basic
information is recorded and structural information is
reflected in the relation schema.

Applying the mathematical model established,
starting from the origin of coordinates O, a series of
vector are used to 1dentify the elements order information
of XML data, as shown in Fig. 4; then every element of
XML data can find it's unique identifier vector from
mathematical model established It is noticed that
elements and their attributes are in the same tag, while
they are two types of nodes m the mathematical model
which 15 needed to be identified by two vectors. As

v

2a+b
Fig. 3: The linear operation of plane vectors
Table 1: Start-end gradients of nodes
Order  Start vector End vector Identification gradient  End gradient
1 (1,0 (©.1) 0 +8
2 51 (3.2) 0.2 0.6667
3 @0 3.1 0.25 0.3333
4 (5.2) (3.3) 04 0.6
5 (2.1 (7.4) 0.5 0.5714
6 .3 (14) 0.75 4
7 (1,1 (5.8) 1 1.8
8 G.4 (2.3) 1.3333 1.5
9 (3.5 (1,3) 1.6667 3
10 (1,2 2.5 2 25

shown m Fig. 4, No. 3 and No. 10 are attribute nodes
and the dotted arrows are their marking vector
sketch.

Through the preorder traversal, the node model of
XML data 13 established and the start-end code of every
node is recorded (Zhang et al., 2001). The method of
reference (Xu et al., 2007) applies vector encoding into
start-end code and gets the start-end vector of each node,
as shown i Fig. 5. The start vector 1s taken as the
identification vector, while the gradients of each start
vector are calculated by definition 1. Then, the mixed code
of each node are make up by identification gradient
(start gradient), termination gradient and path information.
For the path information of each node, as shown in
Table 1, the path code of node 1s separated by “#™
instead of “/”, in order to avoid the query error of the
direct use of SQL pattern matching function. For example,
in the query of ancestor-child nodes that "AF" and
"name”, regular expression "#AF#%/name" can match
the right results; if "/" as the separator, the regular
expression "/AF% /name" will mismatch "/AFS/name" as
the query results.

Relationship schema: According to node data model,
relationship schema 15 designed to store nodes and
structural information between nodes and the data of each
node 18 mapped and recorded. Relationship schemas 1s
constituted as follows>

Identification gradient (Gradient), end gradient (End),
path code (Path), node type (Type), extension (Extend),
node value (Value).

Among them, the extension (Extend) is mainly used
for recording attributes, namespace and such similar types
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Table 2: Hybrid code tables

Gradient End Path Type Extend Value
0 99999 #isite 1 site
0.2 0.6667  Hisite#HAS 1 AS
0.25 0.3333  #H/site#H/AS 3 id al
0.4 0.6 #site#AS# name 1 narne
0.5 0.5714  #site#AS# name 2 China
0.75 4 Hisite# AF 1 AF
1 1.6 #isite# AF#name 1 narne
1.3333 1.5 #isite# AF#hame 2 Congo
1.6667 3 #isite# AF#supply 4 supply
2 2.5 Hisite/ AFH/supply 3 id fi
|
y|  ——ow
I
o 1 <site> X
M 23 <A8id=" al" =
4 <name >
5 China
</name =
</ AS>
6 <AF>
7 <name>
8 Congo
</name =
\‘ 9,10 <gupplyid =" f1" /=
I </AF=>
: <fsite=

Fig. 4 Mappings between nodes order and identification
vectors

of element node. For example, when the node Type (Type)
1s an attribute node, extension record the node attribute
name and attribute values are recorded by node Value
(Value).

The relationship schema ensures the integrity of the
data, that the original XMT. data information will not be
lost 1n data reconstruction; supports the query based on
the content and structure and 13 stored by one basic table,
to a certain extent, it avoids multi-table commection
operations. Especially the design relationship schema is
not depended on DTD of XMI. data which is universal
applicability.

According to standardization organization methods,
semi-structured XML data can be stored m defimte
schema relationship database tables. For example, the
dispose results of semi-structiwred XMI. data in Fig. 4 is
shown in the Table 2.

Tt is necessary to state that, the main benefits for
taking the start-end vector gradient as start-end code 1s
that: First, it 1s data reconstruction criented and can
obtain tuples according to the semi-structured XML data
reconstruction nodes order by simply ascending sort
identification gradients. Second, infinite number of new

@ 1,1.20)
o 6,(10,19)

2L/
3,34) 4,5,8) 7,(1114) 9,(1518)
: VAT
L/
5,6,7) 8,(12,13 10,(16,17)
order (start-end code )

Text
<A> Empty element

Fig. 5: Node data model

vectors can be mserted in vectors, so the dynamic
performance of hybrid code is good and supporting node
update operations; Third, it is more reasonable to allocate
each node code 1n theory: on the one hand, start and end
gradients offer different gradient interval for different
depth nodes substantially, on the other hand, according
to the Corollary 3, the update of insert node occupies less
gradient range which can effectively avoid the fast
increase of start-end code range. As shown in Table 2, the
end gradient of No.6 node is 4 which has a higher
utilization of gradient interval In a word, this
semi-structured organization method combines identity
vector and path information, meets the two basic
requirements that keeping structure relations and order;
meanwhile it can support data query, update and
reconstruction well.

EXPERIMENT RESULT AND ANALYSIS

The prototype system was implemented with
C++ QT 4.0, the experiment environment was: CPU Intel
Pentium IV3.0 GHz, 1 GB memory; Windows XP
operating system; Microsoft SQL Server 2005 relational
database.

Due to the space hmited, here semi-structured XML
data was taken as the experiment object and two kinds of
experiment was represented, to analysis  the
standardization organization method feasibility and
validity. QtXml module was taken as XML parsing

interface, the experimental data adopted the XMark test
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Fig. 6: Comparison of query times

Table 3: The query set

Query ID Query

Q1 /site//mailbox//mail

Q2 ffitermn//mail

Q3 Hitem/mailbox/mail

Q4 ffitem/mailbox/mail/text
Qs Hitem|./mailbox]//mail

Q6 ffitem[./mailbox]//mailtext

sets (CWI, 2002) and the parameter was set to 0.005 which
generated 567 KB test data and the maximum depth
was 12.

Data query: Six groups of path query experiment, as
shown in Table 3, were carried out with the original
vector code (X{u et al, 2007) and ouwr hybrid code,
respectively. The results are shown n Fig. 6,

All the experiments were repeated ten times. The
result is the average value excludes the maximum and the
Imimmurm.

It i3 obviously that our code query time 1s less than
the oniginal vector code except the query tiume 1s the same
for the second query set. Tt is because that the hybrid
code recorded the path of node information, effectively
avolds the influences of time-consuming operation, such
as join query, intermediate result sets generating.

The second set of experiment belongs to the
structure relation judgment of ancestor axis or descendant
axis. The vector code query, using principle of start-end
code, consumed 175 ms; if the hybrid code using path
information to query, the time-consuming was 183 ms
which was longer than the time consuming of vector code.
As the start-end code was suitable to thus kind of path
query, so the hybrid code adopted the start-end gradient
to query which was the same principle with start-end code
and abandoned querying with path information. So the
time- consuming was the same with vector original code.

Data update: The test data was same with that in last
section. The same group of test sets was coded by three

Times (log)
[N
1

O T T T T T T 1
200 250 300 350 400 450 500 550 600
No. of insertions

Fig. 7: Comparison of update times

different methods, that traditional region coding
(Zhang et al., 2001), QED coding which supports dynamic
update (I.i and Ling, 2005) and ow hybrid coding.
9 groups of test sets were randomly inserted nodes;
inserted nodes sequence was 200, 250 ... 600. All the tests
were repeated three times, the result was the average
value, as shown in Fig. 7.

The x-axis in Fig. 7 showed the inserted nodes
number of each experimental group. The y-axis was the
time for updating the node coding mn logarithmic format
and its base was 10. The basic unit of node update time
was millisecond. Tt is obviously that, the update time of
hybrid coding and QED coding were several order of
magnitude less than traditional region coding; and the
hybrid coding update efficiency was superior to that of
QED. This is because that the hybrid coding and QED
coding supported coding dynamic update, avoiding the
time-consuming of whole data recoding. In addition, the
essence of QED coding was supporting node updates by
four numbers and Lexicographical Order and with the
increasing of inserted nodes, calculation amowunt and
length of the coding were increasing fast, the
time-consuming was more than that of hybrid coding.

The two kinds of experimental results show that the
hybrid coding absorbs the advantages of the vector
coding and path coding; on the one hand, it provides
various query methods for a same query path and owns
query efficiency, adopting the less time-consuming query
method according to the query path; on the other hand,
due to the low coding complexity, it can support data
dynamic update well. All these state that the
standardization organization method in this study i1s
effective and efficient.

CONCLUSION

According to the main existence format of web data,
a domain Web data standardization organization method
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is proposed. Experiment results and analysis show that,
comparing with traditional methods, the method of this
study can get good results and it 1s feasible. Web data
standardization orgamzation method was discussed in the
study which can provide technology support to relevant
research. The distributed system technology will be
mtroduced to organize Web data next step.
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