
1. Introduction

In today’s networked society, knowledge-intensive work
involves communication among communities of people
and the social practices that occur in a particular con-
text. Knowledge-intensive work engages in a large num-
ber of communication, coordination, and cooperation
practices that cross the boundaries of organizations,
countries, cultures, and/or disciplines. Beyond the se-
mantic web era, digital contents are not, by themselves,
the key assets of the web any more. Instead, the know-
ledge acquired from the digital contents plays an im-
portant role for users to know what is going on, make
decisions, and take actions. Considering knowledge as
a key asset, it is worthwhile to renovate the traditional
content-centered framework of web lifecycle as a know-
ledge-centered one. Our intention is to change the na-
ture of the web as an information-based resource to a
knowledge-based resource.

The Global Knowledge Grid [1,2] is an integrated
infrastructure for coordinating knowledge sharing and
problem solving in distributed environments. The con-
cept of knowledge grid was originally introduced as a
parallel distributed knowledge discovery and data min-
ing (PDKDD) environment, which uses the basic func-
tions of a grid and defines a set of additional layers to
implement the functions of distributed knowledge dis-
covery [3]. We extend the original idea of knowledge grid
with particular emphasis on the following concepts.

Harnessing collective intelligence
The web provides a platform for establishing net-

works made up of communities of people (or organiza-

tions or other social entities) connected by social rela-
tionships such as friendship, collaboration, or informa-
tion exchange based on common interests. These web-
supported social networks can be regarded as virtual
communities. 

From a sociological perspective, knowledge is con-
sidered to be socially constructed. Social processes in-
fluence the processes of generating and applying know-
ledge. As a consequence, knowledge can be describ-
ed not as objective truth but as what a social system
considers to be true. On the web, individuals are re-
sponsible for identifying knowledge sources accord-
ing to their own demands on the basis of the collective
intelligence [4] to be harnessed. The unit is shifting from
documents to semantically coherent units of content
representing, for instance, opinions, explanations, and
interpretations. 

A conceptualization provides a context in which know-
ledge elements can be uniformly organized on the ba-
sis of a specific common understanding. A conceptua-
lization is never universally valid, but rather, it is valid
for a limited number of users committing to that concep-
tualization. Web-supported social networks or virtual
communities manage and analyze distributed know-
ledge. It becomes necessary to have a global platform
for sharing and processing heterogeneous knowledge
repositories across community boundaries. The “archi-
tecture of participation” becomes inclusive defaults for
aggregating user data and building value as a side-ef-
fect of the ordinary use of the application. The mecha-
nism that “users select for value” retains knowledge with
a high-reuse rate but discards knowledge with a low re-
use rate. 
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Virtual organizations on grid architecture
The web-based sharing that we are concerned with

is not primarily web document exchange but rather di-
rect access to data, software services, and other re-
sources, as is required by a range of collaborative prob-
lem-solving and resource-brokering strategies emerg-
ing in industry, science, and engineering. Because of
our focus on dynamic, cross-organizational sharing, Grid
architecture complements, rather than competes with,
existing web-based distributed environment. The real
and specific problem that underlies the grid concept is
coordinated resource sharing and problem solving in
dynamic, multi-institutional virtual organizations (VO) [5].

This sharing is, necessarily, highly controlled, with
resource providers and consumers defining clearly and
carefully just what is shared, who is allowed to share,
and the conditions under which sharing occurs. A set
of individuals and/or institutions defined by such shar-
ing rules form a VO.

Service-oriented knowledge
Service orientation is widely acknowledged for its

potential to revolutionize the world of computing by ab-
stracting from all resources as services in a service-
oriented architecture (SOA) [6]. The service-oriented
knowledge utilities model [7] stems from the necessity
of providing knowledge and processing capabilities to
everybody, thus promoting the advent of a competitive
knowledge-based economy. Here, the knowledge ser-

vices are instantiated and assembled dynamically, so
that the structure and location of the knowledge services
are changing at run-time on the basis of the user needs
and issues. In addition, it leads to the idea that a funda-
mental change will be seen in the world of knowledge
base so that knowledge bases move away from the tra-
ditional relational and object models, toward the asso-
ciative model of knowledge elements, such as graph
representations and triple stores.

2. System overview

Knowledge services on the Global Knowledge Grid are
classified into the following categories:

• Knowledge Discovery Service: It provides concept
descriptions of an information source on the basis of the
knowledge discovery approach by data mining, such as
segmentation, classification, summarization, and ontolo-
gical annotations.

• Knowledge Association Service: It produces vari-
ous kinds of associations between multiple information
sources on the basis of their concept descriptions provid-
ed by the corresponding knowledge discovery services.

• Knowledge Delivery Service: It is responsible for
(visual) presentation and navigation of the results from
knowledge discovery services and knowledge associa-
tion services. It also handles user interfaces and inter-
actions.
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Figure 1.  An example of Service MeshUp description



An application on the Global Knowledge Grid is rea-
lized by a specific collaboration of the abovemention-
ed services. The Global Knowledge Grid provides the
following service collaboration models:

• Workflow model: It designs a control flow of ser-
vice execution. It is described using web service busi-
ness process execution language (WS-BPEL) [8], a de
facto standard for describing workflow-based service
collaborations.

• Data-centric model: It designs the interests and be-
haviors of services with respect to shared data. It is de-
scribed using Service MeshUp description language,
our original description language for data-driven service
collaborations.

In the rest of this section, we explain only the data-
centric model. To realize the data-driven service colla-
borations, instead of the conventional service mashups
we have proposed a novel approach called Service
MeshUp. 

Fig. 1 shows an example of the Service MeshUp de-
scription. The Service MeshUp description consists of
a set of aspects, each of which defines a single task or
function in an application. Each aspect has its own pro-
perties (aspect properties) to be shared by the servi-
ces. For each aspect, an application developer deter-
mines a set of services to be involved, and then, for each
service, he/she defines precondition, behavior, and post-
condition with respect to the aspect properties. 

Here, the precondition describes the conditions for
activating the service with respect to the aspect proper-
ties. For instance, the precondition becomes true when
a specific aspect property is modified or has a specific
value. Of course, Boolean composition of the conditions
is also specifiable. The behavior defines what the ser-
vice will do when it is activated. Basically, it invokes the
functions of the corresponding service. The postcondi-
tion defines what will be done after the behavior. In most
cases, the data obtained as the result of the behavior
will be set to the aspect properties. 

In contrast to conventional service mashup methods
based on workflow model, our Service MeshUp aims at
realizing service collaborations sharing “common inter-
ests,” each of which is represented by the aspect proper-
ties. While both models are convertible with each other,
our Service MeshUp model is more suitable for self-orga-
nization processes and ever-evolving processes such
as building collective knowledge or monitoring situations
than it is for transactional processes like business work-
flows.

The Global Knowledge Grid consists of three layers:
grid layer, knowledge service layer, and application la-
yer. In the grid layer, a computational grid network is
constructed using de facto standard grid middleware
Globus Toolkit [9]. In contrast with the conventional grid
for building high-performance computer clusters, the
Global Knowledge Grid nodes are distributed all over
the world like traditional web servers. On individual grid
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Figure 2. Component architecture of knowledge service layer



nodes, the knowledge services are developed indepen-
dently and in parallel, like traditional web pages. The grid
nodes are connected by an extensive secure network.
The knowledge service layer is responsible for imple-
mentation, deployment, search, and collaboration of the
knowledge services. 

Fig. 2 illustrates in detail the knowledge service la-
yer. The knowledge service layer consists of the follow-
ing components:

• Mesh runtime: executes Service MeshUp descrip-
tions to realize collaborations of the knowledge services.

• Mesh repository: stores and retrieves the Service
MeshUp descriptions.

• Service runtime: invokes the knowledge services
on local/remote grid nodes.

• Service repository: creates the catalog of the know-
ledge services, which have the mappings between ser-
vice names (used in Service MeshUp description) and
their end-point-references (used by Service Runtime for
service invocations).

The Mesh Runtime interprets a given Service MeshUp
description, and then resolves the end-point-references
(EPRs) of the service names by looking up the Service
Repository. According to the EPRs, the Mesh Runtime

creates the VO consisting of the grid nodes where the
services are deployed. The dynamically created VO pro-
vides a secure playground for sharing aspect proper-
ties and activating (i.e., invoking) the services. Once the
VO is created, the Mesh Runtime initializes the aspect
properties and starts the MeshUp process. While the
MeshUp process is running, the knowledge services are
invoked through Service Runtime.

The Service Repository is managed in a decentrali-
zed manner. Once a new knowledge service is deplo-
yed to a grid node, the service information is stored in
the local repository of the grid node first and then propa-
gated to the Service Repositories on other grid nodes.

3. Application Example

Fig. 3 shows the application implemented on the Glo-
bal Knowledge Grid. It allows users to browse themati-
cally correlated web contents in a specific subject, ra-
ther than simply traversing hyperlinked web pages [10].

Here, let us suppose that when a user opens a web
page to learn about volcanoes, a question (“What effect
has global climate change had on us?”) suddenly comes
up in his/her mind. The user specifies the question to the
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Figure 3.  An application on Global Knowledge Grid for browsing thematically correlated web contents



browser, and then the browser shows a list of know-
ledge association services, each of which provides the
context for leading him/her to a particular answer from
the current page. Supposing that the user selects the
knowledge association service “global warming,” the
browser first collects the relevant information from the
content of current page (i.e., volcanoes) and then tries
to describe the information by using, for instance, na-
tural disaster concepts. It is done by the corresponding
knowledge discovery service. 

As the result, the user will discover concept terms
like “volcanic gas” and “volcanic eruption”. Supposing
that the knowledge asset “global warming” is design-
ed to find the possible effects to healthcare and eco-
system caused by the natural disasters related to glo-
bal warming, the browser tries to discover the health-
care concepts and ecosystem concepts dependent on
the natural disaster concepts, and then searches the
web for information representing those concepts. The
browser shows the causal relationships between the
concepts using the semantic network layout, because
it is considered the most direct way of visual navigation
for causal relationships and is also specified to the know-
ledge asset “global warming” as the knowledge deliv-
ery method. It is done by the corresponding knowledge
delivery service. 

The user explores the causal relationships by follow-
ing the edges of the semantic network. In addition, the
information used for analyzing the causal relationships
can be viewed by the corresponding edges. If the user
clicks on the thumbnail of web information related to the
concept node, the browser jumps to the web page con-
taining the information, and then, the conventional web
page browsing will be resumed.

4. Summary

Towards next generation web as collaboration media,
the key concepts are: 

(1) collaboration on demand 
with collective intelligence, 

(2) grid architecture with emphasis 
on virtual organization, and 

(3) everything as a service. 
Our Global Knowledge Grid is an integrated infrastruc-

ture for coordinating knowledge sharing and problem
solving in distributed environments, where three cate-
gories of knowledge services – knowledge capture, as-
sociation and provision services –, collaborate on glo-
bal-scale grid network. We explained the mechanisms
for data-centric service collaboration, called Service Mesh
Up, and dynamic VO construction to provide multi-insti-
tutional and secure playground for the service collabo-
ration.

Currently, there are more than 400 services running
on the Global Knowledge Grid. Our future work includes
developing a service search engine for better perfor-
mance and scalability.
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