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Abstract The design of the infrastructure for Chi-
nese Web (CWI), a prototype system aimed at forum
data analysis, is introduced. CWI takes a best effort ap-
proach. 1) It tries its best to extract or annotate seman-
tics over the web data. 2) It provides flexible schemes for
users to transform the web data into eXtensible Markup
Language (XML) forms with more semantic annotations
that are more friendly for further analytical tasks. 3) A
distributed graph repository, called DISGR is used as
backend for management of web data. The paper intro-
duces the design issues, reports the progress of the im-
plementation, and discusses the research issues that are
under study.

Keywords Chinese Web infrastructure, semantic en-

tity, graph data model, distributed storage

1 Introduction

The World Wide Web (WWW, or the Web) contains
huge volumes of data published by different organiza-
tions or people, which can be treated as the largest dis-
tributed database in the world. However, utilization of
data on the Web is difficult since the data is unstruc-
tured, heterogeneous, and fast changing. We propose to
develop an infrastructure for Chinese Web (CWI) re-
lated research to serve the requirements of analysis on
data from the Chinese Web [1].

One focus of CWI is the analysis of Chinese forum
data. It is reported that, in 2009, more than 30% of
people with Internet experience in China accessed fo-
rums [2]. Forum data are fast changing and can provide
on-time information about news events. Furthermore,
forums usually contain rich information about users’
interests, opinions, and social networking activities.
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However, though many forums provide local search func-
tions, there are few public services that can be used for
analyzing inter-sites forum data.

In this paper, the design of CWI is introduced. The
backend of CWI, including a crawler for forum data, a
semantic annotator that utilizes both internal features
of web pages and external resources, and a distributed
graph repository, are presented. One characteristic of
CWI that distinguishes itself from other systems is that
it takes a best-effort approach, especially from the se-
mantic extraction perspective:

1) CWI only crawls part of the Chinese Web. How-
ever, the crawled web pages are not treated as a closed
world. External links are preserved. Furthermore, while
needed, external resources are retrieved, parsed, and an-
alyzed, so that related information are extracted for fur-
ther analysis of the crawled data.

2) CWI does not try to construct a database fitting to
pre-defined schema. However, it accepts templates that
are used to model any piece of information that can be
extracted from crawled web data. Thus, CWI organizes
the data in a bottom-up manner. Though CWI may only
provide a database with incomplete, and sometimes even
inconsistent information, we believe that this is a practi-
cal approach to supporting analytical web applications.

3) CWI provides flexible operators that are effective
for web data retrieval and analysis, while being friendly
for efficient implementation in large-scale clusters.

The rest of the paper is organized as follows. The ar-
chitecture of the system is introduced in Sect. 2, followed
with, in Sects. 3, 4, and 5, the three most important
parts in CWI, i.e., the data collector, the semantic an-
notator, and the graph storage and indexing engine. Af-
ter the description of related works in Sect. 6, the last
section is for discussion and concluding remarks.

2 Architecture

The information processing workflow of CWI is shown
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in Fig. 1. The crawler retrieves web pages continuously.
The web pages are retrieved and parsed, so that its inter-
nal structures are obtained. Then, some basic informa-
tion is extracted based on descriptive extraction rules by
the extractor, after which the results are represented in
eXtensible Markup Language (XML) forms. These inter-
nal XML data may be further analyzed by annotators,
which analyze content and structure of the XML data,
and add annotations to semantic entities in these data.

internal XML
representation
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descriptive
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S

§ the (Chinese) Web {;’w =
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Fig. 1 Architecture of the system

XML data are modeled as graphs of the Tagged Graph
Model (TGM), a graph data model designed for web
data management in CWI. The data are then stored in
a distributed repository that supports efficient retrieval,
transformation, and aggregation of subgraphs. The oper-
ators with parallel processing are implemented by using
Map/Reduce programming model [3].

3 Data collecting

There are two tasks for data collecting in CWI. First,
data should be crawled from remote web sites. This is
a task that most crawlers are able to do. The second
one is parsing and basic information extraction. Though
most crawlers are able to parse a web page and identify
hyperlinks in it, they are not able to identify more de-
tailed information, such as the author of a post in a web
forum. Apparently, it is a difficult and even impossible
mission to build a general extractor for any kind of infor-
mation. However, we argue that extraction should be a
native function of a web data collector for the following
reasons:

1) The atomic information blocks are usually not web
pages. For example, one web page of a web forum may
contain multiple posts, each from a different author with
different content. Thus, taking a web page as the finest
information block is inappropriate.

2) Related information may or may not appear in the
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same web page. Again, the list of posts of a web forum
may span over a series of web pages, which are highly
related in terms of content and time.

3) The crawler should schedule the crawling tasks
based on those basic information. These kinds of rela-
tionships should be taken into consideration in crawler
scheduling and crawled data storage. For example, the
same post in a web forum may appear in two different
web pages crawled at different times. Crawlers without
extractors have difficulty in identifying such duplication.

The data collector of CWI integrates web page crawl-
ing with structure-based information extraction. It is dif-
ferent to other crawlers in that web pages crawled are
fed into a rule-based structure extractor, which trans-
forms original web pages in hyper text markup language
(HTML) representation into XML representation. Basic
information blocks, such as post (in a web forum), au-
thors, timestamp of publishing, title, content, etc. may
be tagged based on rules. The rules can be modified and
extended, so that different structures and modifications
on structures of web sites are handled.

3.1 Rule-based structure extraction

An XPath [4] is a series of steps, in which each step is
evaluated in a specific context, i.e., a node in XML doc-
ument tree or a list of nodes. Each step is of the form
azis ::node —test|Py|[Ps] - - - [P,]. Here, axis denotes the
directions of a step, node—test denotes the type of nodes
to be selected, and P; are predicates of any type of XPath
expressions that returns a boolean value.

An XPath pattern is an XPath in which any element
name, attribute name, axis, or node-test function name
can be a variable (started with a ‘§’). A CWI rule is of
the form head: — body, in which both head and body
are a set of XPath patterns. It is required that there
is only direct parent or child axis appearing in head,
and there is no free variables in head. Furthermore, all
XPath patterns in body should be evaluated only on
source XML documents. Each rule is interpreted as an
action that whenever all XPath patterns in the body s
matched, XPath patterns in head are inserted into the
target XML document.

The CWI rule actually is a subset of eXtensible
Stylesheet Language Transformation (XSLT) [5], and it
is currently implemented by using an XSLT engine. Each
CWI rule is transformed to a set of XSLT templates,
which is introduced briefly as follows:

1) Each CWTI rule is transformed into an XSLT tem-
plate, in which the body of the template corresponds to
the head of the rule;

2) For each pattern in the rule body, if it contains
no variable, then it is translated to the pattern in the
template directly;
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3) Else, for patterns joined by some common vari-
able(s), each join is translated to a new XSLT template,
which matches one pattern, and call the template of next
pattern or the one corresponding to the rule.

There are several advantages of this rule-based infor-
mation extraction.

1) First, it is flexible and extensible. Rules may be
modified or added, so that different structures or changes
of structures can be handled.

2) Second, it is appropriate for extraction tasks based
on replicated structures. It is rather useful for extraction
of basic information from Web 2.0 web sites. Currently,
this scheme is used for extraction of information from
two web forums, and three twitter-style sites.

3) Last but not the least, it is friendly to machine
learning methods, since some important machine learn-
ing or data mining tasks, such as association rule mining
and rule-based learning, use rules as models.

4 Semantic annotation

The basic information extracted by the data collector is
coarse, and contain few semantic information. The an-
notators are responsible for the task of semantic infor-
mation extraction. Currently, CWI focuses on extract-
ing semantic entities of type time, location, people, and
events. Information extraction is a hot topic in both the
industrial and research community. There are a few im-
portant technologies available for building an effective
information extraction system [6].

4.1 Semantic entities

We define a semantic entity as a quadruple: (T, L, P, K),
where T is a timestamp or a time period, L is a location,
P is a set of people, and K is a set of terms. Thus, a se-
mantic entity contains the information about when and
where an entity is evolved, who it is related, and a brief
description about the entity given by the terms. All four
elements in the quadruple can be null or empty, which
means the attribute is unknown or not applicable.

Our quadruple-based definition of semantic entity is

Table 1 Features that are used by annotators

more general than traditional keyword-based represen-
tation of semantic entities, since it not only gives the
description of the entity, but also provides the seman-
tic information in a multi-attribute scheme. There are
several ways to analyze the data based on this scheme:

1) First, semantic entities can be joined to each other
based on elements in the quadruple.

2) Second, semantic entities can be projected to sub-
spaces based on their attributes so that further aggrega-
tion analysis can be conducted.

3) Third, similarities between semantic entities can be
measured.

4) Last but not the least, complicated ontology can be
constructed based on this representation scheme.

4.2 Internal features for identifying entity candidates

The features that are used in annotators are listed in
Table 1. A two-stage training method that combines
conditional random fields (CRFs) with support vector
machines (SVMs) [7] are used in annotators.

The first stage uses CRF models to identify terms that
may be a naming entity. Then, the statistical features are
computed. For terms or term combinations that have
high accessor variety and inverse document frequency,
even if they have not been seen in training corpus before,
they may be naming entities that emerge. The details of
using internal features to identify entity candidates is
introduced in Ref. [7].

4.3 External features for filling in templates

Though internal features are proved to be useful for
naming entity identification in traditional information
extraction scenario, it is not sufficient in semantic en-
tity identification. CWI focuses on data analysis on user-
created content. However, user-created content are often
of low-quality. For example, tweets from micro-blogs are
very short, while posts from online forums are full of spo-
ken language. Therefore, it is difficult to find semantic
entities without context.

It should be noted that context includes both informa-
tion from web pages we crawled and information beyond

feature type notes

pattern lexicon and syntax regular expressions

begin-of and end-of context features of the begin- or end-of a semantic entity

mutual information statistics feature of the relationship of two terms that may belong to the same entity
accessor variety statistics feature of the relationship of two terms in terms of their independence to context
inverse document frequency statistics feature of the distinguishing ability of terms

dictionary lookup external features of terms of previous known types

template match external features of terms within previous known context

similarity external features of terms related to previous known semantic entities or entity types
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the scope of crawlers. Though there are researches on
converting external resources, such as wikipedia data,
into local features, e.g., dictionaries, we argue that it is
not a feasible approach. On one side, the volume of ex-
ternal resources is huge. The cost, in terms of storage,
bandwidth, and time, is expensive to crawl all external
resources. On the other side, since user-created content
is fast evolving along with external resources, local fea-
tures may not catch up with the pace of the requirements
of data analysis. Thus, emerging semantic entities may
be omitted if only internal and local features are used.

The authority web sites that are used as external fea-
tures in different kinds of semantic entity identification
are as follows:

1) Time: No external authority web sites are used.

2) Location: Google Maps (or called Google Ditu in
China) is used.

3) People: Wikipedia and news web sites are used.

4) Event: Wikipedia and news web sites are used.

The terms representing naming entities are fed into
search boxes of external resources. Top results are ob-
tained and parsed. There are two strategies for feeding
terms to external resources:

1) Eager: The eager strategy feeds all related terms
and their combinations to external resources. After all
results are collected, they are parsed together to fill in
the template of semantic entities.

2) Lazy: The lazy strategy just feeds terms one by
one to external features. While the template is filled in,
it will not continue anymore.

Different strategies are used for different kinds of ele-
ments. For example, since locations are usually unique,
the lazy strategy is used. However, for semantic entity
description, i.e., terms in the quadruple, the eager strat-
egy is used.

The results returned by external resources are repre-
sented in term vectors. Attribute values on times, loca-
tions, people names, and terms are parsed. The similar-
ity between the vector with the information for semantic

web pages
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entity identification is calculated. Attribute values with
highest scores in terms of similarity are used to fill in
the template of semantic entities. The process is shown
in pseudocode of Algorithm 1.

Algorithm 1 Filling in the template
Input: candidates of semantic entity C
Output: semantic entities S, which is initially empty
for all candidate c: (T¢, L¢, Pe, K¢) € C do
determine Rc¢; {Rc is the set of external resources}
for all r € R. do
generate K7; {K7 is the set of terms for r}
R < query r by using K;
¢ « combine ¢ and R;
end for
S — SuU{c};

end for

4.4 Put them all together

The overall process for semantic entity identification is
shown in Fig. 2.

There are two characteristics that differentiate CWI
annotators from their information extraction systems:

1) First, annotators are not built upon the fixed corpus
of collected web data. Information from authority web
sites are crawled, parsed, and analyzed when needed.
These information are used to verify and correct the
identified potential semantic entities.

2) Second, the annotation subsystem is flexible. Tem-
plates are used for pre-defined types of semantic entities.
Previously identified entities are used as training data,
so that features for the same type may be updated.

5 Graph storage and indexing

A subsystem named DISGR for distributed graph repos-
itory, is used for storage, indexing, and retrieval of
data in CWI. It is designed specifically for user-created

on-demand
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Fig. 2 Semantic entity identification



392 Front. Electr. Electron. Eng. China 2011, 6(2): 388-396

content analysis. For this purpose, DISGR is designed to
be flexible for complex analytical tasks over data without
fixed schema, and scalability for handling huge volume of
data and large number of concurrent tasks. It has several
characteristics that differentiate it from other systems,
which are listed as follows:

1) DISGR is designed to manage and analyze web
data. Therefore, a graph data model, TGM is used.
TGM allows attributes on both vertices and directed
edges. Predefined attribute data types include text, so
that not only structures but also content of forum data
can be represented.

2) Aiming at an infrastructure for a wide-range of
users with different analytical requests, DISGR is de-
signed to be flexible for user specific analytical processes.
Users may define their own data types and procedures.
Furthermore, users may also plug in their own signatures
and indexing schemes for efficiency purposes.

3) DISGR is designed for deployment on shared-
nothing clusters for scalability and availability purposes.
All metadata, data and indices are distributed over a set
of nodes with local storage. Furthermore, queries are to
be evaluated in parallel.

4) TGM graphs along with attributes on vertices and
edges are stored in a column-based manner. Signatures
and indices on variant granularities are designed, so that
unnecessary joins can be avoided in query processing.

5) Signature-based processing is used heavily in
DISGR. Signatures are used for filtering unnecessary
node and disk block access. They are also used for clus-
tering and de-clustering data so that data localization
can be achieved along with parallelization.

5.1 Requirements

To support variant requirements for forum data anal-
ysis, a set of characteristics is needed by DISGR.
First, it should be flexible for modeling complex fo-
rum data. Forum sites have different strategies for
management of posts. For example, in Google Groups
(http://groups.google.com/), posts (messages) are orga-
nized in discussions, while each discussion belongs to
a group. Groups are organized by categories. And cat-
egories are organized in hierarchies. However, in OS
News (http://www.osnews.com/), posts are organized
in threads, while there is no additional classification on
threads. In either example above, a post may cite pre-
vious posts in post body. Also, a post may contain any-
thing an HTML document may have. In some forums, a
post may even have additional tags. Therefore, DISGR’s
data model should be able to represent all these kinds of
data without burdening system administrators with too
much management workload.

Second, DISGR should be scalable to both the volume

of data and the number of analytical tasks. According
to the volume of data, it is not only the concern of stor-
age capability, but also the problem on index update,
management overhead, and incremental processing for
continuous analytical tasks. On the other hand, since
there will exist concurrent analytical tasks, while some
of them may be very time consuming, batch scheduling
is apparently insufficient. Therefore, a finer scheduling
strategy is needed.

Another issue is the query language. A pure descrip-
tive language may be easy for users to learn and use,
but it also limits the functionalities that users may
use for complex analytical tasks. Therefore, the system
should provide a descriptive language along with a flex-
ible mechanism for plug-in user defined types and func-
tions (UDTs and UDFs). Furthermore, for efficiency pur-
pose, user defined indices should also be allowed to serve
UDFs.

On the other hand, the query language should support
on-demand queries, continuous queries, and batch pro-
cessing. DISGR should apply different scheduling strate-
gies to different kinds of queries, so that all users may
have a satisfying experience.

5.2 Data model

A graph model named TGM, for Tagged Graph Model,
is used to represent forum data. TGM is the basis of
DISGR. TGM was first introduced in Ref. [8], and then
revised in Ref. [9]. For completeness, the data model,
query operators and a brief description about design
choices is given here.

A TGM graph is a binary (V| F) in which V is a set of
vertices and E is a set of edges. Each vertex v in V is of
the form (id, {attr;}), in which id is the identifier of the
vertex, and attr;’s are attributes. Each attr; is a triple
(name, type, value), where name is the attribute name,
type is the data type, and value is the attribute value.
Each edge e in F is of the form (ids, idg, {attr;}), where
ids and idgq are source and destination of the edge, and
attr;’s are attributes as those of vertices.

Figure 3 shows part of a TGM graph of a forum post
from Mail Archives. It is shown that attributes can be
attached on both vertices and nodes. The number of at-
tributes on each vertex or edge may not be fixed. Thus,
different properties of objects and relationships between
objects can be represented.

DISGR has six predefined attribute types that are
listed in Table 2. DISGR also allows users to define their
own data types.

5.3 Query operators

DISGR supports five categories of query operators,
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Table 2 Data types

data type allowed operations examples
numerical comparison and arithmetic computation number_of-words
categorical equality comparison topic
boolean equality comparison and polling link_to
time comparison post_time
text keyword search and similarity search title, content
undefined equality comparison —

which are introduced as follows:

1) Wrappers. A wrapper transforms a given TGM
graph G: (V| E) into another one G’ : (V'  E’) based on
certain rules. For example, given a rule set R with two
rules:

elfveV, thenv e V/;

e For v1,v9, and vz € V, if both edges (v1,v2) and
(va,v3) € E, then (v1,v2), (v2,v3) and (v1,v3) € E'.
Then, the output of wrapperr(G) is the graph with the
same vertices as (G, while indirect linked vertices are con-
nected with new edges with null attributes.

Note that in each rule, body can only contain condi-
tions on vertices and edges in G, while heads can only
contain propositions on those in G’. Therefore, there is
no recursion in rules.

Rules are a kind of plugins in DISGR. Users may de-
fine their own rules, so that wrappers can be extended.

2) Filters. A filter filtercond(G) filters vertices and
nodes in G that does not satisfy the condition cond out,
and forms a new graph G’. There are two types of con-
ditions, inner conditions and outer conditions. Both are
of the form attr_name op value. The semantics of a filter
is that, given a graph G, first, all vertices and edges sat-

isfying the inner conditions are kept as a new graph Gy.
Then. those vertices and edges that are directly con-
nected to Gy and satisfying the outer conditions are
added to form G’, which is the output of the filter oper-
ator.

3) Merges. A merge operator takes two graphs
G1:(V1, Ey) and Ga : (Va, Es) and generates a new graph
G. There are two kinds of merge operators, i.e.,
and join.

union

Union is simple in that it just generates a new graph
whose vertex and edge sets are unions of those from
input graphs, correspondingly, i.e., union(Gy,G2) =
G: (V4 UVa, By U E3). Join is actually the combination
of a union operator with a wrapper.

4) Groupings. A grouping operator takes one graph
G:(V,E) and generates a set of subgraphs {G;}. For
each subgragh G, : (V;, E;), V; CV,and E; C E. Group-
ing is conducted based on attributes on vertices or edges,
i.e., vertices or edges with common attribute value are
assigned to the same subgraph.

5) Aggregations. Aggregations are conducted on a
graph or a set of graphs (i.e., the result of a grouping
operator). Each aggregation generates a set of statistics,
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that can be represented as a new vertex’s attributes.
Typical aggregations including count (on number of ver-
tices, number of edges, number of distinct value of a
specific attribute, etc.), average (on value of a specific
attribute for example), and sum (on value of a specific
attribute, for example).

5.4 Implementation

Some implementation design of DISGR. are introduced
as follows:

1) Column-based distributed storage. Graphs, along
with attributes, are stored in a column-store manner,
which means:

e Each vertex is assigned a unique identifier;

e Each edge is assigned a unique identifier, and is
stored in the form of (eid, vid', vid");

e Each attribute value of a vertex is stored in the form
of (vid, attr _name, value);

e Each attribute value of an edge is stored in the form
of (eid, attr_name, value).

Currently, all the above four kinds of information are
stored in separate files in HDFS of Hadoop.

2) Multi-level index. Indices are constructed in three
levels:

e Block index. Data are not organized in rows, which is
the default option in Hadoop. Within each block, there
is a block head and a block extent. The block extent con-
tains all data, while the block head contains the index
of the data. This scheme reduces the cost of scanning in
traditional Map/Reduce processing.

e Node index. Data are distributed to blocks based
on their content by using hashing. Thus, for a specific
query, only part of the blocks on part of nodes are ac-
cessed. Thus, this hash scheme is used as node index.

e Global index. Not all vertices are stored in the same
file, neither are edges, or attribute values. Each of them
are partitioned into several files, based on some pre-
defined conditions, such as their original source (web
sites), or original graph identifier (for generated graphs
of some operators). This scheme greatly reduces the cost
for joins.

6 Related work

TGM is similar to WebSQL [10] and WebOQL [11] in
that TGM accepts high-level descriptive queries as de-
scription on required services. The difference is that in
TGM, attributes are used as query conditions.
Traditional centralized storage is not scalable enough
for storing web data with huge volume. Historically, par-
allel database has been intensively studied [12,13]. Re-
cently, large-scale distributed storage systems based on

shared-nothing clusters are often chosen as a solution for
this kind of tasks. Google file system (GFS) [14] is a sys-
tem that uses centralized file lookup yet decentralized
data access. GFS is designed for applications with huge
amount of parallel access to large files, such as search
engines. Also, it is reported to be very efficient and scal-
able [14]. DISGR focuses on the problem of how to take
advantage of such kind of distributed storage to manage
graph data. MapReduce [3] is a programming model for
data intensive computing in large-scale distributed envi-
ronments. It splits a computing task into two phases: the
map phase and the reduce phase. In each phase, data are
only processed locally within each node, so that the cost
of data transmitting can be saved. Dryad [15] is similar
to GFS/MapReduce except that it is developed based
on Microsoft Windows. Web data management, analysis
and mining tools, such as BigTable [16], Sawzall [17], Pig
Latin [18,19], and WebStudio [20], are developed based
on GFS, MapReduce or Dryad.

Graph data management is an important issue and
is highly related to web data management. Existing re-
search about graph data management focuses on struc-
tural queries and structure indexing [21-24]. However,
in DISGR, we focus on how to provide queries on both
structure and content, and scalability issues.

7 Discussion

CWI is a prototype system that is under development.
This paper introduces the current design and implemen-
tation of the system. We believe that the best-effort ap-
proach taken by CWI is a practical one towards a usable
infrastructure, while leaving space for advanced technol-
ogy integration. Some research issues that we are work-
ing on include:

1) Rule learning for structure information extraction

Currently, the rules for extracting basic information
from the crawled data are written by users directly. How-
ever, it is not trivial on writing such rules. We are study-
ing learning methods for semi-automatically obtaining
such rules.

2) Candidate and authority selection

In current implementation, strategies for selecting ex-
ternal resources are fixed, while strategies for feed terms
to external web sites are simple. We are working on
more intelligent candidate selection and authority selec-
tion policy.

3) Hash-based graph data distribution

Currently, vertices, edges, and attribute values are
distributed to blocks by hashing just based on wvalues
or neighboring vertices. Though this approach filters out
some unnecessary data access, it is far from efficient. We
are working on hash-based structural indexing method
that may improve the performance.
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