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the macrocosm, the environment�s network 
structure can adapt itself according to the 
way knowledge is shared. Figure 1 depicts 
the architecture of an adaptive networking 
mechanism.

Knowledge Grid environment research 
can bene�t from existing technologies and 
methods. It can incorporate epistemolo-
gies and ontologies that re�ect human rec-
ognition of individual environments. It can 
use achievements from multiple disciplines 
such as management science, ecology, and 
economics, and it can absorb Internet and 
Web technologies. Researchers must base 
their methods on system methodology and 
philosophy. Macrocosmic working princi-
ples will take their inspiration from natural 
law and social rules.

A Massively  
Interactive Knowledge 
Grid Based on Web 2.0
The Grid isn�t the only platform for imple-
menting the Knowledge Grid environment. 
The Web and peer-to-peer networks can 
also underlie it. Web 1.0 required users to 
express content in HTML, so it was a read-
only, information-sharing network for ordi-
nary users. Web 2.0 is readable and writable, 
providing a massively interactive, informa-
tion-sharing platform for implementing the 
Knowledge Grid environment.

A Web 2.0-based Knowledge Grid envi-
ronment offers these features. 

Automatic clustering of users and large-
scale annotated resources. The cluster-
ings might re�ect usage relationships 
between the users and resources, resource- 
mediated relationships among users, and 
user-mediated relationships among anno-
tations. These clusters represent a massive 
classi�cation semantics, which is usually 
implicit and emerges by massive interac-

�

tion. The classi�cation-based Resource 
Space Model is the theoretical basis for 
managing such a classi�cation semantics.1
Automatic accumulation of relational 
knowledge by discovering semantic re-
lations among content, users, and con-
tent meta-information; by clustering 
texts and then constructing content clas-
si�cation hierarchies; and by discovering 
communities in the semantically linked 
network.2
Automatic accumulation of problem-
solving knowledge by establishing vari-
ous question-answering mechanisms.
Decentralized relational query and rea-
soning over the semantically linked con-
tent network.
A mechanism for using relational knowl-
edge to explain contents, using problem-
solving knowledge to explain content and 
relational knowledge, and using relational 
knowledge to complete the problem- 
solving knowledge, as shown in Figure 2. 
This knowledge-supply process forms a 
type of knowledge �ow.3
Automatic evolution of relational knowl-
edge with massive information-sharing 
behaviors.
Scalable structure for resource organiza-
tion that adapts to evolving community 
semantics as they emerge from continu-
ous changes in users and their content rec-
ommendations. Such a structure loosely 
couples with queries. Users don�t have to 
know the resource-organization structure.
Techniques compatible with the evolving 
Web standards.

The Web 2.0-based Knowledge Grid en-
vironment substantially changes knowledge 
acquisition from traditional knowledge en-
gineering. Knowledge isn�t acquired from 
individual experts or knowledge engineers. 
Instead it arises from massive contributions 
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and realizes a harmony: one for and from 
everyone.

Individuals in the 
Knowledge Grid Environment
The world is constituted by versatile indi-
viduals and communities. Sixty years ago, 
when Vannevar Bush proposed the memex, 
it became the �rst model for an individ-
ual device that could store books, records, 
and communications and support speedy, 
�exible, automated access to them.4 The  
invention of general-purpose computers and 
the Internet largely realized this ideal.

In the computer world, what is the in-
dividual constituent? Computer scientists 
have abstracted many models of individu-
als. Object-oriented programming and 
development methods use the notions of 
object and class to unify the diversity of ab-
straction and simplify the conceptualiza-
tion of a complex objective world.5 Sepa-
rating data from programs is an important 
idea that greatly promotes the study of data 
structure and algorithms.

The notions of a personal memex and a 
world memex are recent models for individ-
uals in the computer world.6 The personal 
memex can record everything a person sees 
and hears, and quickly retrieve any item 
on request. The world memex can answer 
questions about the given text and summa-
rize it as precisely and quickly as a human 
expert in that �eld.

So, what are the individual and commu-
nity constituents in the Knowledge Grid 
environment? What are their structures 
and functions? How they are generated? 
How do they evolve? And how do they self-
organize for tasks?

Current search engines, spyware, and 
crawlers are developed for special purposes 
and they don�t support inheritance. A me-
mex extension (ME) offers an alternative 
general individual model for the Knowl-
edge Grid environment. MEs model vari-
ous passive or active network resources. 
Speci�cally, MEs are con�gurable, adap-
tive, and context-aware digital organisms, 
modeling various types of network re-
sources and hosting distributed network 
software and devices. One ME can selec-
tively inherit the function of another ME, 
and MEs can be combined into one with a 
richer function.

The ME model will advance information 
and knowledge by unifying information, 
knowledge, and software in the ME object. 
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Figure 1. Evolving networking mechanism for the Knowledge Grid environment.
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At the macrocosm level, MEs self-organize 
by interacting with each other and with hu-
mans to build an evolving ME society. A 
social-competition mechanism can help im-
prove ME effectiveness. At the microcosm 
level, MEs are tightly coupled to integrated 
software via information and control �ows. 
A ME encapsulates information and func-
tions, so its software behavior is the same as 
its structure.

A ME World
A ME is a con�gurable network-service or-
ganism. It can actively provide alternative 
services by automatically seeking require-
ments and adapting to change. A ME not 
only runs autonomously but also hosts other 
MEs. Its con�gurable feature supports ei-
ther special- or general-purpose computing 
functions that can run various software.

A ME world consists of the self-orga-
nized ME society, the requirement space, 
and two roles: producer and consumer. 
The producer can input necessary content 
into a ME, then con�gure it for new ser-
vices. The consumer can enjoy the service 
provided by any ME in two ways: push 
and subscribe. MEs can actively push ser-
vices to consumers and can also accept 
subscriptions from consumers to provide 
long-term services. 

Any ME or user can play the producer 
role to generate a ME or the consumer role 
to enjoy the proper service by posting re-
quirements or otherwise selecting and us-
ing an appropriate ME for the required 
services. A ME can accept the content de�-
nition from multiple providers and provide 
services for multiple consumers at a certain 
cost. Using virtual-machine technology,7 a 
ME can perform on any hardware across 
the Internet.

Figure 3 includes two ME instances, 
showing the following components:

The detector detects the current situa-
tion and requirements in the requirement 
space, processes the informal require-
ments to transform them into more formal 
ones, then seeks solutions in its resource 
spaces or takes appropriate actions.
The interface supports interaction be-
tween MEs and between ME compo-
nents. It also provides appropriate work-
�ows to support producers in de�ning 
content and offering services.
The explainer explains requirements, in-
formation, knowledge, and services ac-
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cording to personal knowledge and the 
semantic relationship between resources.
Work�ows are built in and enable the ME 
to perform the tasks assigned by its con-

�

�guration. The work�ows are time sen-
sitive and operate the ME adaptively by 
coordinating its component executions.
Reasoning is a mechanism that infers  �
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Figure 3. The memex extension (ME) world architecture.
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Figure 2. Relation formation and knowledge evolution in a Web 2.0-based 
environment.
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MEs. The impact of MEs in information 
and knowledge �ow networks is their so-
cial factor of making decisions to partici-
pate in market competition.

A ME makes decisions to survive dur-
ing its life cycle under the regulations in 
the ME world. Decisions should bene�t the 
individuals and communities involved. To 
maximize the bene�t, a ME should adapt 
its functions to meet the changes in society. 
It needs to consider the following factors 
when making decisions:

Adaptation cost is the time consumed for 
providing services to get a pro�t and the 
cost for posting requirement and reward-
ing services provided by others.
Market share and trend is the analysis 
for determining the opportunity for ad-
aptation according to market information 
and competition.
Pro�t estimates the bene�t according to 
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possible market shares and adaptation 
costs.

The outcome of these deciding factors is 
the adaptation target, a new function. The 
coordinator mechanism will reorganize its 
functions according to the adaptation target.

Animating Dunhuang  
Cave Wall Painting
The Dunhuang cave wall paintings are a 
mixture of eastern and western culture. 
They describe ancient stories on the Silk 
Road. Feitian is a representative element of 
Dunhuang culture. Different types of these 
�ying spirits appear in different scenes 
representing different meanings. Figure 5 
shows the process of animating Feitian wall 
paintings. This animation is very useful for 
publicizing Dunhuang culture because it 
can help visitors understand the meaning of 
the ancient wall paintings.

A 3D resource space speci�es the scene 
and the ME states. If we use a relational 
data model to specify the scene, we need 
many tables and must maintain the consis-
tency between them. The resource space 
model can specify the content by classi�ca-
tion semantics and provide a global view of 
relevant scene information.1 Semantic links 
are used to establish the relationship be-
tween roles,2 which can help determine the 
concurrent relationships among roles, scene, 
and music, so that a ME can better represent 
the culture. Different people sharing the 
same primitive semantic space can build a 
semantic-link network, which evolves with 
interaction and can further help discover 
implicit relations between artifacts.

MEs animate the Feitians in the painting 
by performing various patterns coopera-
tively and interacting with users through a 
point-and-click interface. A ME must dis-
play a Feitian, control its scale, monitor its 
own and others� locations, and realize co-
operative performance by adjusting the 
mode of motion. Visitors learn relevant sto-
ries, histories, and references by interacting 
with the ME.

The �rst step of animation is to deter-
mine the roles in a painting, its location in 
the cave, and its meaning according to the 
documents about the cave. The designers 
con�gure the MEs with the general rules 
and motion constraints on the roles. They 
can carry out the animation in either of two 
ways:

scripting the entire performance to regu-
late all ME movements, or
describing the �nal state and letting the 
participating MEs perform arbitrarily 
according to some basic rules (for ex-
ample, even distribution, symmetry, and 
avoiding overlap) and their knowledge 
and understanding of the scene they�re 
exhibiting.

To improve performances, domain ex-
perts evaluate them according to meaning-
fulness and beauty criteria and then feed 
their suggestions back as supplemented 
rules and constraints, which MEs learn by 
experience. Each ME performs and detects 
the performing pattern to see whether it can 
be explained in the existing semantic space 
and whether it�s simple.

The dynamic inheritance relationship 
structures of the ME society establish the 
basis for culture evolution and can facilitate 
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Figure 5. Animation process of Dunhuang wall paintings.
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by subjects� making and exhibiting behav-
iors. Subjects also write documents to ex-
plain artifacts. Cultural inheritance occurs 
by acquiring and fusing knowledge dur-

ing observing, reading, and understanding 
artifacts and relevant documents, then us-
ing knowledge to create new artifacts and 
documents. So cultural inheritance implies 

cultural evolution and accompanies knowl-
edge inheritance. Knowledge inheritance 
involves fusing existing knowledge with 
new knowledge.
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Figure 7. Artifact MEs interact with users to explain content. Retrieved content from the Web is processed, clustered, and stored 
in the resource space to support ef�cient retrieval.
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