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Semantic Grid: Scientific Issues, 
Infrastructure, and Methodology

Hai Zhuge 

Creating a new interconnection environment incorporating the Internet, sensor
networks, mobile devices, and the interconnection semantics. 

Technical Opinion

D
atabase theory and sys-
tems, a seminal develop-
ment of information
management, has pro-

foundly affected computer applica-
tions for nearly 40 years. The
Internet is a brilliant innovation,
with unprecedented social and eco-
nomic influence, but the lack of a
theoretical foundation has limited
its full potential.

The Internet and the
Web share four charac-
teristics: rapid expansion
of versatile resources and
users, microstructured
and macro-scale-free
resource organization,
inequality of information
reputation (distribution)
[1, 4], and human-
understandable, not
machine-understandable,
semantics. These charac-
teristics cause the diffi-
culty in accurate, effective,
efficient, and safe use of globally
distributed resources.

IT professionals are attempting
to create a new interconnection
environment by adding machine-
understandable semantics [2] for
more efficiently sharing, manag-

ing, coordinating, scheduling, and
controlling distributed computing
resources [3]. 

The Semantic Grid
The Semantic Grid is an Internet-
centered interconnection environ-
ment that can effectively organize,
share, cluster, fuse, and manage
globally distributed versatile

resources based on the intercon-
nection semantics. 

Scientific Issues. Interconnec-
tion semantics is the study of the
semantics in the interconnection
environment for supporting intel-

ligent applications by meaning-
fully interconnecting resources in
semantic spaces where machines
and humans can understand each
other. Different from the seman-
tics of natural and programming
languages, interconnection
semantics concerns:

• Single Semantic Image. Map-
ping versatile resources into a sin-

gle common semantic
space to enable resource
utilization to be indepen-
dent from their type and
location.

• Transformation and
consistency between
semantic spaces: classifica-
tion semantics, layout
semantics, logical seman-
tics, process semantics, and
concurrent semantics. 

• Realize semantic-based
storage and retrieval in
scalable large-scale network

environments.  
• Semantically rich interface

between humans and resources
and between resources.

• Evolution of semantics and
the impact and rule.

Normalized resource organiza-
tion. The study of organizing
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resources in semantic normal
forms to eliminate redundant, dis-
order, and useless resources to
ensure the correctness and accu-
racy of resource operation, and to
realize complete and effective
resource sharing. This is the issue
of abstracting a disorder system
and then appropriately recon-
structing it in a normalized space.
The reconstruction should avoid
information loss and guarantee the
correctness of operations.  The
simplification of complex systems
is a fundamental task of science.

Intelligent clustering and fusing
pertains to the study of self-organi-
zation and complex system opti-
mization, specifically concerning:

• Coupling: to couple versatile
resources and “push” them to
those needs according to the
interconnection semantics. 

• Clustering and fusing: rele-
vant resources dynamically get
together and fuse to provide
appropriate on-demand services
based on constraints and multi-
level semantic understanding.

• Autonomous and collabora-
tion: to support autonomous and
collaboration activities, to reflect
evolution information, and to
evolve according to changing situa-
tions.

• Efficiency, trust, and security:
to organize resources for balancing
between the efficiency, trust, secu-
rity, and quality of services.

• Ideal computing model: the
Grid focuses on scheduling and
controlling resources in a stable
middle-scale network. Peer-to-
peer is able to effectively share
files in a dynamic and large-scale

network. Due to the lack of
semantics, it is difficult for them
to support high-level intelligent
applications. The ideal model
should take advantage of the Grid
and peer-to-peer to support intel-
ligent applications based on the
interconnection semantics.

Infrastructure. The Semantic
Grid should include the eight
components labeled in boldface
type in the figure here, where the
Semantic Resource Space Model
semantically and normally orga-
nizes versatile resources. The
design needs the theory (normal
form theory and integrity con-
straint theory), design criteria,
method, and development tools.
A resource operation language is
needed to correctly operate
resources. The communication
basis of the Semantic Grid is the
incorporation of the Internet, sen-
sor networks, and mobile devices.

The Service Grid, Knowledge
Grid [5], Multimedia Information
Grid, and the cooperative
processes are in the high level of
the Semantic Grid. The Semantic
Resource Space Model is responsi-
ble for managing all these
resources. The Service Grid is the
logistical and intelligent pushing
mechanism based on the organi-
zation and integration of distrib-
uted services. The Multimedia
Information Grid is the organiza-
tion and the provider of multime-
dia information. The cooperative
processes support the definition,
management, and integration of
business processes. The process
definition and verification con-
cerns behavior semantics, work-

flow, and knowledge flow [6].
Security control guarantees the
safety of the Semantic Grid opera-
tion. The developers work with
the application development envi-
ronment, and the end users work
with the application systems and
the operable resource browser,
which can obtain the complete
support from the Semantic Grid
during use.

Methodology. Cross the
boundaries of disciplines. The
establishment of the Semantic
Grid requires research across epis-
temology, linguistics, culture, art,
cognitive science, and system
methodology.

Abstraction and specialization.
Abstraction investigates common
characteristics and rules of versa-
tile resources by generalization,
and then proposes the uniform
model and method. Specialization
investigates the special rules of
resources to properly integrate
and couple resources.   

Balance the interests of different
aspects. The Semantic Grid should
take advantage of both centraliza-
tion and decentralization, and
balance autonomous, self-organi-
zation and normal organization.
The mobility, completeness and
correctness of services should also
be balanced.

Inherit and innovation. The
Semantic Grid should inherit cur-
rent technologies. Any Internet
and Web applications should be
able to seamlessly migrate onto
the Semantic Grid environment.
It should absorb the advantages of
the Grid, Semantic Web, and
Web services, and go beyond their
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scopes by adopting a new com-
puting model, communication
platform, and normal resource
organization model.

Application in China: Dun-
huang Culture Grid. Along with
the basic research (see kg.ict.ac.cn/
publications), the China Knowl-
edge Grid Research Group is con-
ducting applications in China’s
e-science and e-culture. The group
is developing the Dunhuang Cul-
ture Grid for exploring, exhibiting,
and protecting ancient Dunhuang
cave culture, which represents the
world’s culture heritage in the
desert of west China. In the near
future, people around the world
will experience the glorious ancient
culture in the form of color statues
and wall paintings in over 900
caves as well as the precious cal-
ligraphies with rich content ser-
vices via the Internet.
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