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Abstract⎯A grid technology together with data 

warehouse and mediator is used to develop the railway 
transport management information system (TMIS), 
which is aiming at managing and publishing all kinds of 
enterprise resources among dynamic collections of such 
information systems with heterogeneous architectures 
and distributed in geography within Chinese Ministry of 
Railway. As one logical information integration 
framework and a uniform interface for accessing 
resources, a prototype named railway information grid 
(RIG) is proposed. Its main modules and the key 
technologies, together with its feasibility, are discussed 
in detail. RIG can not only provide the integral 
information service and the interoperability of 
information at the application level, but also bring us 
such benefits as: easy use, high efficiency, and 
reasonable total cost of ownership. 

 

Index Terms⎯Information integration, information 
grid, service-oriented architecture, virtualization. 

   

1. Introduction 
To transform information into a valuable asset can 

greatly help enterprises to gain a competitive advantage in 
the marketplace. Nowadays, new ideas and ways are 
needed to transparently manage both the volume and 
diversity of data now available. Information grid is such a 
competitive way[1]. It can facilitate the integration of any 
information anywhere across heterogeneous data sources 
under grid environment. Since the combination of software 
integration with grid, it can form a virtualization of data 
sources to enable an integration of any information 
available in any data sources, and provide seamless 
information integration independent of local schemas and 
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data sources based on the application of standard mediated 
schema. More importantly, it can meet the resource-sharing 
needs of enterprises, government departments and other 
organizations. Particularly, to establish large-scale informa- 
tion system with grid can effectively control the total cost 
of ownership[2]. 

Railway transport management information system 
(TMIS) is the first large-scale, wide-area and distributed 
modern information system of Chinese Ministry of Railway 
(MOR). TMIS has more than 50 operational systems, 
distributed in more than 200 servers countrywide. These 
systems can be summarized into three categories. One is 
systems of information source for the collection and 
management of a particular business-related information, as 
well as horizontal statistical analysis of the function of 
providing information. The second is information 
processing systems, which is responsible for accessing data 
from multiple information sources points, exporting 
statistic reports and the supporting information for decision 
making, through the processing and managing process. The 
third is systems which contains a certain summary of 
information sources and have the function of information 
processing. These systems are commonly designed in such 
a way as follows: the database is at the center of the whole 
system with client/server structure; each administer of 
functional departments acts according to himself will; 
information systems are isolated each other. 

In this paper, a railway information grid (RIG) frame- 
work to integrate the existing management information 
systems is developed to provide the integral information 
service while each system still maintains itself independent 
control, resource-sharing, interconnection and interopera- 
bility of information at the application level, thus elimi- 
nating information islands based on the existing mature 
technologies and standards. With RIG, MOR can not only 
protect the investment, but also effectively control the total 
cost of ownership.  

The construction of RIG involves two issues: one is the 
production and storage mode of distributed information, the 
other is how to determine the user-oriented information 
utilization mode. Because of space constraints, the paper 
mainly focuses on the organization, integration and sharing 
of distributed resources as well as the interoperability issue. 
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2. Related Work 
The explosion of information available to enterprise 

applications has introduced a clear need for information 
(data) integration[3]. The primary guiding principle of 
information integration is that, from the users’ view, all data 
need to be resident at one single data source, but 
information may be different in places, semantics, storage 
formats, and access methods, therefore the retrieval of 
information has become extremely complex. In essence, 
information integration technology will shield information 
demander from all those complexities. Users can achieve 
the data addressing by means of SQL (structure query 
language), XML (extensive markup language), Internet 
services, or content API (application programming 
interface). The main paradigms for data integration can be 
divided into two classes: materialized approaches and 
virtual approaches. The former is based on Hurtado and 
Mendelzon’s elegant model[4], the latter uses logic-based 
techniques for specification of data sources and query 
answering. A number of ideas concerning information 
integration tools can be thought as constructing solution[5], 
i.e., data models, architectures, query processing, meta- 
information, and consistency issues, etc. Information integ- 
ration systems aim to provide a uniform query interface to 
multiple heterogeneous sources. One particular and useful 
way of viewing these systems, first proposed within the 
information manifold project[6], is to postulate a global 
schema that provides a unifying data model for all the 
information sources. Reference [7] suggested a layered 
architecture of metadata based on the information grid 
resource space model, which was designed to mask 
differences and dynamic change of physical resources. This 
paper focuses on the design of resource sharing, inter- 
connection and interoperability of information at the 
application level.  

Till now, most information management initiatives, 
either under way or in planning stage, involve data ware- 
house[8], mediator[9], and grid[10]. They all have individual 
advantages, but shortcomings and deficiencies still exist. In 
this paper, we will give a full play to the advantages of the 
three technologies. In this way, we can not only overcome 
the technical weaknesses and deficiencies that a single 
technology has, but also solve the issues of resource- 
sharing and interoperability of TMIS effectively. 

3. Requirement Analysis and Design 
on System Prototype of RIG 

3.1 System Requirements Analysis 
As the core of operation management information 

system of MOR, TMIS is composed of the central database 
system, the systems of railway stations and depots, the appli- 

cation systems of departments and bureaus of the Ministry, 
and 8 service subsystems. All of them are interconnected as 
a whole by network. Though TMIS has made remarkable 
progress since 1995, it still needs to be improved in some 
technical levels, such as omission and misstatement of 
receipts, transferring and sharing of waybills, automatic 
transmission of dispatching information, data exchanging of 
real-time booking information, and data integration of ticket 
booking, production statistics, income, and cost accounting. 
All of the above data or information need to process 
automatically and report in real time, but these problems are 
still in the way to be solved due to lack of corresponding 
mechanism[10]. 

To sum up, the key of aforementioned problems is the 
demand that the railway information system can provide 
dynamic data collection for information sharing. The mainly 
technical issues include: 

1) Data could be shared but the data sources should hold 
themselves independency. 

2) The complex data environment has the characters as 
follows. a) The data source location and data storage are 
distributed. b) Data are heterogeneous and described by 
different ways in different systems or even in the same one. 
In addition, the different data sources have their own 
independent heterogeneous operational environment. c) 
Data sources may have their own data management system, 
they are still required to keep a certain degree of independ- 
ence, namely autonomy, after being integrated. 

3) Information demand is personalized; each specific 
user just concerns the information he is interested in. 

4) There are multi-level security needs in transferring 
and interacting data among the ministry, railway bureau, 
stations and depots. 

5) There are so many systems that have the same or 
similar functions everywhere, resulting in redundant 
constructions and being unable to share the functions, this 
leads to the applications islands. 

6) Although the same data exist in several systems, they 
can not interchange from each other, nor updated. This 
brings about information islands. It is too inconvenient to 
have one account for one system; we need single sign-on. 

To overcome the problems above, the RIG under 
construction needs to adapt to the variation of user 
requirements and information resources, to shield the 
heterogeneous and distribution of information resources, to 
provide transparent and consistent access interface for users, 
and to achieve the interconnection and interoperability of 
information. 

3.2 RIG Design  
The purpose of information integration is to organize all 

the data as a whole, according to certain rules. The 
processing object is the data in all kinds of heterogeneous 
data sources of the system. Data supplied by TMIS are 
distributed in web sites, file systems, database systems etc., 
and have various formats (structured, semi-structured and 
unstructured). Therefore, this causes the data incompati- 
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bility, for example, the same data may be coded differently 
in different systems. How to map data into data entities of 
database or other storage mechanisms is the most important 
issue to be resolved in RIG. Traditionally, data in 
subordinate business systems are uploaded to its higher 
authority one through data reporting procedures, and forms 
the business database after further processing. Different 
business processes constitute different business databases; 
these databases extract data in file-swapping manner and 
constitute the central database. Finally, we get the middle 
data for users after integrated data processing. The short- 
coming of this solution is that, the period from plan, design, 
development, deployment to maintenance is very long, at 
least by months, or even years, and the data update cycle is 
even longer. In addition, the tremendous overlap work 
needs a lot of staff for development and maintenance, 
which will cause the cost becoming higher and higher. 

This paper considers RIG with aid of data warehouse, 
mediators, data grid and the basic theory of relational 
database. Among them, data warehouse can provide 
integrated and historical data[8]. It is the hinge of the 
connection of data source and data access applications. A 
number of heterogeneous data sources can be effectively 
integrated and reorganized into the unified data access 
mode in accordance with multiple subjects. Thus the data 
for in-depth publications processing can be supported. 
However, a railway grid information system can not be 
developed by only using data warehouse since it can not 
update contents in time and adjust data structure 
inconveniently. Mediator-based web database, i.e., 
information intermediaries, integrates the heterogeneous 
data by way of virtual view[8]. Its remote and local data are 
uniformly considered, therefore it has no delay in content 
renovation, and the view-mapping technology also makes 
data structure easy to adjust. But the bottleneck of mediator 
is data transmission and complex data cache, so mediator is 
not suitable for in-depth processing of integrated data. As a 
new technology of information integration, data grid was 
first reported in 1999 and then attracted much attention 
increasingly[9]. It integrates distributed data with metadata 
catalog. The outstanding advantages of data grid are its 
ability of online-expansion, load-balancing, and the replica 
management technology which is an effective way to relax 
problems of data transmission delay. 

3.3 RIG System Prototype 
A RIG system is designed based on service-oriented 

architecture (SOA)[11] which is rooted in object-orientation 
but adds a layer of abstraction. Business functions, business 
transactions and system services, which form bottom layer 
functions, are all defined as independent services. The 
services referring to application function are encapsulated 
in reusable components used for business process. They 

contain well-defined callable level interface, and do not 
depend on the context or state of other services. People can 
call these services in a predefined order to form the work 
flow. It is clear that “interface” is the key to define neces- 
sary parameters and the right type of results, namely service 
type, rather than the technology used to realize services. 
Under the SOA architecture, the responsibility of a system 
is to implement and manage calls. It indicates that the 
service is not only real independent, but also manageable.  

The RIG framework that serves the goal of providing 
information-sharing upon a set of dynamic data resources 
consists of three parts as shown in Fig. 1. The information 
integration service (IIS) of source data forms the underlying 
layer, which is responsible for virtualizing business data 
into one that has common format, and the resulting data 
constitute a local (virtual) grid database. The middle layer 
is data processing layer. With the resources publishing and 
adjusting tools, it can register and collect data from grid 
database of subordinate body into the source data catalog 
service of grid database of appropriate competent agency, 
and provides the corresponding interface for access. The 
top layer is the grid application. Users can execute such 
operations as query, browse and statistic data, with the RIG 
interactive interface and the broker provided by the system. 

4. Construction of RIG 
4.1 Service-Oriented Information Technology 

Information is conditional data after formatted, filtered, 
and integrated treatment. Information expresses the corre- 
lation of data, while data is such raw materials as figures, 
images or sound, they are only the descriptions of what 
happened and therefore do not offer judgment or inter- 
pretation, or a reliable basis for action. In RIG, Information 
representation of grid mainly reflects in two aspects: one is 
the storage of data to database or other storage mediums; 
the other is presented as the interface to users. The different 
understanding of information representation leads to dif- 
ferent research direction and content. For information 
encapsulated with specific services, users must call specific 
services to get the appropriate information, rather than 
directly receive it. In this case, the question is how to make 
calling of services provided by different providers in a 
transparent way. For information encapsulated in the form 
of object, user must apply a unified interface invocation to 
obtain or operate information. The former way is chosen to 
implement our RIG system with the help of metadata, 
meta-computing model, and web services based on XML 
and SOAP[15]. As the middleware of data represent- tation, 
metadata can express information by means of the 
relationship between element attributes and its value. XML- 
based metadata description can make the interface repre- 
sentation and data storage united[14], whereas the SOAP 
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Fig.1. Railway Information Grid system prototype framework. 
 
object-oriented access mode can be used to solve such 
problems as information expression and transmission. In 
addition, the QoS, grading, and security of information 
services can also be described by metadata. The middle- 
ware of data may be used to locate and discover service. 
The service-oriented representation of information is shown 
in Fig. 2. 

4.2 Virtualization Technology 
Virtualization provides the capacity to map common 

semantic behavior onto the local platform seamlessly, it can 
carry out cross-platform, transparent and consistent access 
to all available resources, which can help improve working 
capital and asset utilization. Then the relative operations 
can be packaged into services with aid of web services 
technology, and sent out through the SOAP protocol. Once 
the corresponding services had been deployed into the 
information grid nodes with the characteristics of 
heterogeneous structure and geographical distribution, we 
can integrate them seamlessly. Now the integration problem 
has been converted to the integration of services deployed 
on grid nodes. These can be entirely realized based on open 
source platforms and tools, such as Java, Linux, and SOAP. 

Information virtualization follows the basic framework 
provided by OGSA Data Access and Integration Services 
(OGSA-DAI)[12]. The metadata hierarchical model sug- 
gested by Liao[13] provides a feasible solution for virtuali- 
zation. First, the storage systems (such as database, appli- 

cation and file system, web site etc.), which produce, 
preserve, and manage information in RIG, are abstracted as 
metadata of physical layer and then are further abstracted as 
business objects of logic layer. For example, the content 
provided by passenger tickets statistics information of 
different railway bureaus may be different, but they have 
the same logical structure, so the logic layer can abstract 
such data sets as a passenger tickets statistical business 
object. The third virtual view layer is responsible for the 
abstraction of the specific information resources and their 
composition. Actually, this layer is the results of 
combinatorial operations of some business objects. From 
the application viewpoint, people can access to the practical 
physical resources via the logical name of virtual view, or 
by the information content. The metadata catalog is in 
charge of providing information for information integration 
service (IIS). The practical information access is jointly 
accomplished by IIS and protocol converter, the latter is 
responsible for translating access request from IIS into data 
access protocols supported by information storage system. 

4.3 Major Components of RIG 
The main functional components of the RIG we 

designed are shown in Fig. 3. 
1) IIS provides data access service to user or applica- 

tion, and can serve as brokers: storage resource broker 
offers the unified data access interface to distributed and 
heterogeneous storage resources and data replica for high- 
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 Fig. 3. RIG: a virtual database. 
 
level application, while the integrated access broker will 
perform the combination calculation on the outcome of 
accessing to different data sources in line with the pre-set 
of rules. 

2) Metadata catalog services (MCS) provides effective 
information access interface and user manipulation inter- 
face for operations such as resource description, virtual 
view of the design, resource selection and location, etc. 

3) Protocol converters is responsible for translating 
access request from IIS into data access protocols 
supported by information storage system. 

In addition, there are still some assistant tools to help 
customer use RIG, such as resource publication and 
adjustment. These tools are in charge of registering data 
sources, establishing and adjusting the mapping between 
virtual data schema and real one, and synchronizing with 
the database structure changes. For example, resource 
status monitoring tool can be used to monitor resource 
publishing and the deployment of business objects. Some 
other tools can be used for design of virtual view of 
SQL-like data query language, etc. 

RIG maps various external TMIS data sources into one 
single resource by means of virtualization technology. 
Users can reunify the various heterogeneous resources 
within TMIS into resources with single view. In this way, 
information integration is transformed into collecting and 
structuring various decentralized data to form the local grid 

data sets; then the heterogeneous data will be converted 
into data with common format, and these data constitute 
the global virtual grid database (VGD) in the chosen field. 
As the core component of RIG and the foundation for 
information sharing, VGD relies on the attribute-based 
schema mapping mechanism, the virtual view, and the 
SQL-like data query language, to preferably achieve the 
integration of datum which are geographical distributed 
and structural heterogeneous. Virtual grid database not only 
has the good performance of online-expansion, but also can 
provide data access engine. 

Assuming that one user starts an application to query 
the relative data information of a certain application, how 
does he confirm what data resources are available and 
applicable in RIG? This requires the corresponding 
components to provide matchmaking services between the 
service requester and the provider. It is the broker that is 
used to realize the matchmaking service. As long as the 
broker learns about the resource requirements of an 
application, it will ensure to find them. The mobile agent 
written in Java is competent for this work. It can move to 
the target node, and stay on it in the name of negotiation. 
Because the code is local, it can fully use the local 
operating system function in Java virtual machine. 
Specifically, the broker is responsible for receiving user 
requests, searching the storage system that can provide the 
relative data from MCS registration center, and then 
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submitting requests to the storage system. The latter will 
provide the corresponding data to broker after verification, 
and the broker returns them back to users.  

Now the process that users access resources in RIG can 
be summarized as follows. 

1) End-users make an access request through the GII. 
2) GII passes this request with query conditions to IIS 

via the broker, and then IIS parses the request and sends it 
to MCS. 

3) MCS checks the validity of the request in the light of 
metadata. If passed, MCS selects an applicable data entity 
collection according to the relevant business objects 
information, and then transmits it to IIS. 

4) IIS sends each query task to the storage system for 
execution through the wrapper of corresponding storage 
systems. 

5) IIS collects the results and sends them back to 
end-users, or writes to the file after integrated process. 

5. Feasibility Analysis of System 
Construction 

In the functional aspect, the benefits of constructing 
RIG include: information sharing; cooperation, intercom- 
nect, and interflow at the application level; dynamical 
integration of services (which can increase resource utilize- 
tion rate), load balance; and better fault-tolerant. In the 
performance aspect, RIG can not only broaden the 
application area, but also enhance the system effectiveness. 
More importantly, the construction of RIG does not need 
massive capital and technical investment. From the system 
prototype architecture chart, it is easy to see that the new 
hardware that we need to add is only the broker server and 
grid database server. As to software, we can use existing 
mature technology completely.  

In comparison with traditional management informa- 
tion systems, RIG has many advantages such as shorter 
development cycle from development to deployment, 
lower cost in development, operation and maintenance of 
systems, and well-controlled total system cost of owner- 
ship. As it is well known, information grid allows users to 
achieve high availability in the low-cost hardware system, 
while this kind of high availability is only possessed by 
high-end systems in the past. However, the information 
encoding did not have a unified standard at the beginning 
of the construction of TMIS, it becomes the most 
outstanding issues (e. g., some database uses character type 
to represent date). In addition, the databases adopted by 
various application fields in the course of information 
systems development are also not the same, so this 
increased the giant workload to develop the RIG, which 
requires full consideration during the implementation 
process.  

6. Conclusion and Future Work 
As one logical information integration framework for 

managing and publishing enterprise resources and uniform 
interface of resource access, RIG can not only help people 
take full advantage of existing hardware and software 
resources, but also have the directive significance to 
comprehensively solving problems such as information 
resources sharing, IT public utility, etc. 

It should be pointed out that, the final goal of RIG is to 
integrate all the information and abilities of various 
systems to provide a single, integrated, secure, and 
end-to-end information system, allowing users to share 
data and applications, regardless where they are. But this 
article is aimed at the connectivity and consistency of 
information, i.e. to connect data with certain (semantics or 
logic) relationship together, and can reach any other 
information sources from one, without taking the security 
restrictions into account. But in practice, security is the 
indispensable key element for RIG. So we need to go a step 
further in accessing control and user management. Next we 
should develop a suite of toolkits and web graphical 
interface for users to configure, analyze, and monitor 
security visually, and tools to integrate, manage, and 
authenticate the privileges and keys of users for 
applications and administrators, in a single and coherent 
manner.  
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