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Abstract 

 
As the large volume of resources involved and the 

power of computational Grids increased, there is a 
corresponding and urgent need for employ the grid 
technologies into problem solving environment (PSE) 
domain in order to improve the PSE to a better 
usability and higher performance. In this paper, we 
describe how to develop a framework of a Grid 
enabled PSE for text categorization with related Grid 
technologies. This grid-enabled PSE is able to support 
the activities that concern the building of the text 
classifier service, the classifying of the texts, the 
defining of the workflow, the selecting of service’s 
Grid nodes and the reflection of the execution status 
through the web portal. Further, an example instance 
based on this Grid enabled system in the construction 
of PSE is shown in the end of this paper, and the 
performance of the PSE is evaluated in terms of the 
results of the application it generate. 
 
1. Introduction 
 

The problem solving environment (PSE) is a system 
that provides all the computational facilities necessary 
to solve a target class of problems. It uses the language 
of the target class and users need not have specialized 
knowledge of the underlying hardware or software [1]. 
Examples of such systems include AVS [2], Cactus [3], 
etc. Owing to the rapid advancement of the Grid 
technologies, employing these technologies into 
building the PSE framework has become more and 
more significant. And as a result, we can add, delete or 
modify the PSE’s components dynamically without 
changing the PSE framework. In the reference [4], they 
designed a Grid PSE Builder just using the Gird 
technologies for building the PSE. 

In this paper we propose a novel Grid PSE 
framework for text categorization. Within this PSE 
platform, we can construct the text classifier and 
estimate the category of the new text. Our key 
contributions of this project include the following 
aspects: (1) we construct the PSE framework with the 

Grid technologies, partition the process of text 
categorization and design the text categorization 
service. (2) According to the steps of the text 
categorization, we divide the system into two stages. 
The first stage is the building of the text classifier, and 
the second one is to employ the text classifier which is 
built on the first phase to classify the input texts. 
Furthermore, the feedback mechanism is employed on 
the second stage. (3) Just as other PSE, we also design 
a web portal on this Grid enabled PSE. Through the 
web portal, we can define and manage the workflow, 
select the service’s Grid nodes and monitor the 
execution status of each service. 

The rest of the paper is organized as follows. In 
Section 2, we simply describe the related work. We 
illustrate the Grid enabled PSE framework in detail in 
Section 3. In Section 4, we show an implementation of 
this PSE and Section 5 concludes the paper and 
discusses the future work. 
 
2. The related work 
 

In this section, we survey representative research on 
PSE for solving some problem belongs to different 
domain. A medical imaging PSE for advanced and 
Grid computing environments called MedIGrid is 
introduced in [5], which is a distributed application for 
the management, processing and visualization of 
biomedical images that integrates a set of software and 
hardware components, or, more specifically, a set of 
Grid collaborative applications useful to nuclear 
doctors. 

For the purpose to calculate the partial differential 
equations (PDE) in numerical simulations research, a 
new distributed PSE, called D-NCAS [6], is proposed 
in order to support users to generate a computer 
program and to work on distributed computer systems. 
The PSE system inputs problem information including 
discretization and computation schemes, and outputs a 
program flow, a C-language source code for the 
problem and also a document for the program and for 
the problem.  PDE.Mart is described in [7] which 



solve a user-supplied PDE problem by using PDE 
solving services available on distributed Grid nodes.   

So far, not many research on the text categorization 
with the gird enabled PSE are preceded yet. We design 
this framework in order that some novel research 
method on the text categorization can be merged into 
our architecture smoothly and seamlessly without 
changing the existed framework and interrupting the 
running workflows. 

 
3. The framework of the Grid enabled PSE 
for text categorization 
 

This PSE for text categorization contains mainly 
four components: Web Portal Service, Construct Text 
Classifier Service, Classify Text Proceeding Service 
and Workflow Management Service (see Fig.1).  

 
Fig. 1.  The framework of the Grid enabled PSE for text 
categorization.  

In our Grid enabled PSE, the text categorization 
process is focus on the two components, “Construct 
Text Classifier” and “Classify Text”. A whole process 
from the beginning of inputting new texts to the end of 
getting the classify results is divided into several 
independent modules, which are assigned to specific 
services offered by Grid nodes.  

On solving a problem of text categorization, we 
deal with the texts on two stages. One is to construct 
the text classifier, and the other is to classify the texts. 
Firstly, the users log on the Web Portal, define a 
workflow and input the training texts into “Construct 
Text Classifier”. After the text classifier is constructed, 
the user input new texts into “Classify Text”. Finally, 
the “Classify Text” proceeds to classify the texts based 
on the text classifier built on the first stage and get the 
final classify results.  

The Workflow Management Service is employed to 
record the information of the workflows, such as the 
service names, the related Grid nodes and the 
execution efficiency, etc. When the users define the 
workflow, they consider the Workflow Management 
Service as a reference.  

 
3.1. Web Portal Service 
 

As Fig.1 is shown, this Web Portal Service includes 
Register Center, Monitor Module and Defining 
Workflow Module. Through the Register Center, the 
SC (Service Client) can register the own services into 
the PSE, become a SP (Service Provider) and provide 
the descriptions of the services to the Register Center. 
Each SP is belong to a Grid node, however, a Grid 
Node maybe provide different services. In this PSE 
once the SC would like to be a SP, it must download a 
middleware which is responsible for the execution 
status of workflow on this SP.  

The Monitor Module is a real time module, which 
focuses are on presenting the states of all the SPs and 
the status of the running workflow. This module 
obtains the real time information through the 
middleware mentioned above and the execution status 
service which we will discuss in the following section.  
In this monitoring management, we make use of a web 
based monitoring tool (Map Center [8]) which 
provides access to status information.  

Defining Workflow Module is aimed at define a 
workflow for a certain problem, the mainly work in 
this module is to choose the appropriate solution 
service, select the relevant Grid node and confirm the 
execution orders of the services. We define the 
workflow as follows:   

<ServiceName,RunSN,GirdNode, ExecutionOrder> 
ServiceName is the name of the service; RunSN is 

the concrete selected service which will be run; The 
GirdNode means the name of Grid node providing this 
service; and the last ExecutionOrder is represented as 
the order of this service in the whole workflow of 
problem solving. Such as, <Training Service, KNN 
Service, Grid_MJ, 8>. All the workflows can be stored 
in the Workflow Management Service.  

 
3.2. Construct Text Classifier Service 

On constructing the text classifier, we segment the 
service into five sub services which are Text 
Representation Service, Feature Extraction Service, 
Calculation Features Weigh Service, Training Service 
and Threshold Value Selection Service (See Fig.2). 

 



 
Fig. 2.  The architecture and workflow of constructing the text classifier 

We make many references to the text categorization 
system, and summarize the major task in the text 
representation stage. In Fig.2 four steps are list in the 
text representation service, and the four steps’ 
execution is provided by the Grid nodes.  However, in 
our Grid enabled PSE, we design one Grid node to 
provide all the four steps’ service. The reason for doing 
so is to take the execution efficiency into consideration 
that the volume of the data between the four steps is 
very large.  

As for the Feature Extraction Service, there exist 
some methods, such as Words and Class mutual 
information method, information gain method, 
Kullback-Leibler divergence, etc. Each method is 
designed to be a service and integrated within our PSE. 
We have regulated the input and output parameters in 
the “Register Center” module of the Web Portal 
Service. Users can select one method service from the 
Feature Extraction. The successive Calculation Feature 
Weigh Service is used to calculate the weigh of these 
features. 

The mechanism of the Training Service is the same 
as the Feature Extraction Service. The user can select 
one training method service from the available 
Training Services. The Threshold Value Selection 
Service is employed to calculate the likelihood 
between the text and a certain category. When 
classifying a text, the text may belong to two or more 
than two categories. In this case, the service can 

confirm the text’s category with the category 
likelihood. 

Each service’s input information are the output 
results of the pre-service, and the own output results 
will be as the input information for the next service. 
After successive processes, finally the text classifier is 
constructed. All the information and the results are 
described by XML.  If the workflow defined by the 
user is to be executed, an exclusive job ID is assigned. 
And when a service is to start or finish, the service’s 
middleware will send a message to the Execution 
Status Service. 

 
3.3. Classify Text Service 
 

This service is based on the text classifier built in 
the service “Construct Text Classifier”. During the 
course of the text classification, it will relate to four 
Grid services which are marked with the gray 
background as Fig.3 shown. 

Fig. 3.  The architecture and workflow of classifying 
text 



Execution Status Service is the same as the one in 
the “Construct Text Classifier”, and provides the 
execution status of the workflow to the Web Portal. 
Evaluation Service serves with the performance of the 
workflow. We use the three traditional indexes of the 
text categorization, which are Precision, Recall and F1 
[9].  Given a category labeled as i, assume that there 
are ni test documents that belong to the category. Also, 
assume mi, is the number of test documents classified 
to category i by our PSE, where li test documents are 
correctly classified. They are defined as the following 
formulas:  

 
On the other hand, the feedback control mechanism 

is handled by the last service (Examination Service). 
The service is aimed at two aspects: one is to add the 
special and new words/characters which occur in the 
new text into the text classifier, and another aspect is to 
calculate the value of the new text categorization 
through some pre-defined roles, if the value is equal or 
more than the specify threshold value, the text category 
will be added into the text classifier or modify the 
existed categories of the text classifier. Now, we only  

implement the first aspect which adds the new feature 
words/characters into the classifier. The second aspect 
is very complicated in establishing the examining 
principles, so we will do more research on this aspect 
in the future work 

 
4. A simple Implementation on this PSE 
 

We test our Grid enabled PSE on a repository with 
2930 Chinese texts. We select the Information Gain 
method as the “Feature Extraction Service” and KNN 
method as the “Training Service”. In the Fig.4, we 
describe the process of constructing text classifier and 
classifying text category. 

In this text repository, all the texts are classified into 
38 categories by the experts. In our experiment, we 
only make use of six categories’ texts which are about 
500 texts.   The key checkpoint of this experiment is to 
verify the consistencies between the results are drawn 
through our PSE and the ones are drawn from the 
existing text categorization system (TxtCat [10]). Here, 
we only list the results generated by our PSE as 
Table.1:  

We do the same experiment based on the same 
training set and testing set on the TxtCat system. And 
the conclusion is the same as the above table. Through 
this experiment, we can verify the usability of this Grid 
enabled PSE framework, ensure the validity of the 
workflow of this PSE application and propose the 
future work. 

 
Fig. 4.  An instance of Grid enabled PSE for text categorization. The left part describes how to build the text 
classifier based on the training set, and the right part is represented as the process of text categorization. 



Table 1.   The values of three index of text categorization  

Name of 
Category Precision Recall F1 

Literature and 
Art 84.34% 84.56% 84.44%

Commerce 
and Economy 85.83% 86.67% 86.24%

Entertainment 83.45% 84.34% 83.89%
Government 
and Politics 87.08% 87.08% 87.08%

Society and 
Culture 82.39% 83.78% 83.08%

Education 89.11% 91.42% 90.25%
 
5. Conclusion and future work 

This Grid enabled PSE facilitates the usability of the 
distributed computing resources, the various Feature 
Extraction method service and the diverse Training 
method service on the Grid. According to the 
characteristic of the text categorization, we divide the 
text categorization procedure into two stages: 
Construct Text Classifier and Classify Text. Also, this 
PSE framework integrates Test Representation services, 
Feature Extraction services, Training services, 
Calculation Weigh services, Execution Status service, 
Evaluation service and Feedback Control service. In 
this paper, we have described the workflow of the PSE 
in detail and introduce the functions of different sub-
services briefly. We also present a simple instance to 
show the workflow and demonstrate the usability and 
extensibility of this PSE. 

Additional future work of this project will be to 
integrate the existed and novel classifying method and 
training method. In addition, to extend the performance 
of data transfers, we intend to investigate protocols 
based on Quality of Service concerning the 
transformation of large quantities of data. Further, 
since on defining the workflow the optimal path 
selection is not considered in our PSE, we plan to add 
the path selection algorithm into consideration in the 
future research.  
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