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ABSTRACT

Knowledge Discovery in data resources managed in
Grid is a challenging research and a development
issue. Grid is a computation and management in-
frastructure that transforms science, business, health
and society. This paper presents a double helix archi-
tecture of Knowledge Discovery based on both Data
Grid and Knowledge Grid. This architecture utilizes
the cooperating mechanism of the data nodes in Data
Grid and the knowledge nodes in Knowledge Grid.
By combining with an implementation for multime-
dia communication networks (MCNs), the knowledge
discovery system for MCNs is put forward to explain
the dynamic ascending process in the knowledge dis-
covery system.

Keywords: double helix, Data Grid, Knowledge
Grid, Knowledge Discovery, multimedia communica-
tion networks

1. INTRODUCTION

Knowledge Discovery employs a variety of tools and
software systems to find useful patterns, models and
trends from large volumes of knowledge. In many
scientific and commercial applications, it is necessary
to perform the analysis of large data sets, maintain
geographically distributed sites by using the compu-
tational power of distributed and parallel systems. In

this area, grid technologies may play significant roles
in providing an effective computational support for
the knowledge discovery applications. The extension
of Data Grid and Computation Grid is Knowledge
Grid [1].

Knowledge Grid can synthesize knowledge, search
engine reasons, answer questionsand conclude. Con-
structing Knowledge Grid based on Computation Grid
can provide conditions for the effective knowledge
discovery process [1]. Knowledge Discovery in Grid is
designed on the top of computation grid mechanisms,
and is provided by the grid environment tools such
as known tools Globus [2] and Legion [3]. Knowledge
Grid uses the basic grid services such as communica-
tion, authentication, information, and resource man-
agement to build more specific knowledge discovery
tools and services [4].

Based on Data Grid and Knowledge Grid, logic and

cognizing architecture of Knowledge Discovery in Grid
are proposed in this paper. This architecture is the

dynamic double helix system that can dynamically

integrate the new data and algorithm between Data

Grid and Knowledge Grid during the process of the

knowledge discovery.

Reviewing on the whole development process of Knowl-
edge Discovery, the extension of Knowledge Discov-
ery can be divided into the following three phases.
(1) Knowledge Discovery based on the structural data.



When the conception of Data Mining was put for-
ward in 1989, the main object of Knowledge Dis-
covery was to mine the knowledge in the database.
Many data mining softwares have been applied in
academies and companies. (2) Data mining based on
the complex data including graph, voice, video and
other temporal or spatial data. The research works
on this field have just begun in the past ten years.
(3) Knowledge Discovery in Grid. During the de-
velopment of Knowledge Discovery, new knowledge
will be mined and Grid will contain more knowledge
than the present data warehouse. Then the knowl-
edge discovery based on Grid is put forward [5].

A knowledge discovery system should at least achieve
one of the following three goals [6]. (1) Many kinds
of knowledge discovery tools can be used in the open
environments. (2) The knowledge discovery system
can support the direct transfer among different re-
sources and supply the knowledge transfer tools. (3)
The knowledge discovery system can integrate new
data and algorithm during the dynamic process of
the knowledge discovery system.

This paper puts forward a constructive double helix
architecture of the knowledge discovery system. This
architecture can adaptively control the structure and
the scale of Data Grid through Knowledge Grid.

In Section 2, basic elements, the definition and the
architecture of the constructive double helix are in-
troduced. In Section 3, the knowledge discovery sys-
tem specially for the quality of service (QoS) man-
agement of multimedia communication networks
(MCNs) is built to give a real-time example and im-
plementation. The conclusion is put forward in Sec-
tion 4.

2. DOUBLE HELIX ARCHITECTURE OF
KNOWLEDGE DISCOVERY SYSTEM

2.1. Basic element analysis

Based on correlative researches of frame synthesiz-
ing on the knowledge discovery systems [7]-[12], a
knowledge discovery system is essentially a system-
atic frame of processing data, information and knowl-

edge.

A knowledge grid system is classified into four units
shown as follows: (1) Knowledge conservation and
distilling. (2) Knowledge transformation. (3) Knowl-
edge application. (4) Knowledge making. The whole
process is regarded as a self-cycle development sys-
tem with these four units shown in Fig. 1. The
knowledge conservation and distilling are the basis
of the knowledge discovery system. The knowledge
transformation is a necessary mode. The knowledge
application is a realization mode of knowledge man-
agement value. And the knowledge making is the
headspring of the new knowledge.

Knowledge making

Innovating L
process
Knowledge Knowledge
application transformation

Figure 1: Self-cycle flow of knowledge grid system.

Knowledge
conservation & distilling

We can also get the self-cycle architecture of the data

grid system shown in Fig. 2.
Data results

Data mining
Figure 2: Self-cycle flow of data grid system.

Program execution

The data grid system is classified into four units as
follows: (1) Data sources. (2) Data movements. (3)
Program execution. (4) Data results. The whole pro-
cess is regarded as a self-cycle development system.
The data sources are the beginning of the self-cycle
flow. The data movements are the necessary modes.
The program execution is the realization mode of
data management value. The data results are the
headsprings of the new data.



2.2. Basic relationship between Data Grid
and Knowledge Grid

We will give out one to one corresponding relation-
ship between data nodes in Data Grid and knowledge
nodes in Knowledge Grid in Fig. 3, where [A] and
[B] represent a data grid node and a knowledge grid
node.

Knowledge Grid
[B]

Knowledge conservation
& distilling

Data Grid
[A]

Data sources

Data movements

Data results

‘ Enowledge transformation ‘

‘ KEnowledge application ‘

Knowledge making

Figure 3: Structure corresponding relationship.

Data Grid is also complementary for Knowledge Grid
in the early stages of Knowledge Grid because it
can help users to explore user’s data, by focusing
attention to important variables for identifying ex-
ceptions, or finding interactions. This is important
because the better users understand user’s data, the
more effective the knowledge discovery process will
be. To the domain of the knowledge discovery sys-
tem, topology space of knowledge node [B] in Knowl-
edge Grid is the same generalization space with topol-
ogy space of data node [A] in Data Grid.

2.3. Double helix architecture of knowledge
discovery system

The discovery of the double helix construction of
deoxyribonucleic acid (DNA) was the most impor-
tant biological discovery in 20th century, and it has
laid the foundation for modern molecular biology
successfully. The graph of DNA structure supplies
good imagination of the architecture of the knowl-
edge discovery system. The double helix architec-
ture of the knowledge discovery system we presented
in this paper is based on Data Grid and Knowledge
Grid shown in Fig. 4.

The main chains of the double helix architecture pre-
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Data sources

Data movements
Program execution
Data results -
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Knowledge transformation
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Figure 4: Double helix architecture of Knowledge
Discovery based on Data Grid and Knowledge Grid.

sented in this paper are incremental learning machine
between Data Grid and Knowledge Grid. There are
two main chains convoluting the same axis in the
twist shape along right hand direction. The two main
chains are parallel and head for the reverse direc-
tions.

The incremental learning machine in the same sur-
face connects the data grid node [A] in Data Grid and
the knowledge node [B] in Knowledge Grid to format
a twin grid. The twin nodes are combined with the
corresponding parts in these two grids. These two
corresponding nodes in the same surface head for the
different directions. The situation results in the more
interaction chances between data and knowledge.

This double helix architecture is a channel connect-
ing Data Grid and Knowledge Grid which can use
Knowledge Grid to check, supervise and drive the
mining process of Data Grid. The architecture of the
knowledge discovery system changes and formats the
original operation mechanism to an open and opti-
mized entity on the structure and the function.

The characters of the double helix architecture can
be listed out as follows:

(1) Knowledge Grid depends on Data Grid. The



new knowledge is mined from Data Grid and
transferred to Knowledge Grid. The whole pro-
cess is named ascending process.

(2) Data Grid depends on Knowledge Grid simul-
taneously. The knowledge discovered in Data
Grid must be imported into Knowledge Grid.
After it is validated, the knowledge is able to
show the realizing meanings.

(3) A new knowledge grid depends on the original
knowledge grid. The new knowledge discovered
in Knowledge Grid must be imported into the
original knowledge grid to check whether it is
redundant, contradict or repeated.

The details of the above knowledge discovery pro-
cess can be shown as follows: firstly, Knowledge Grid
can acquire all the parameters and the errors of old
Data Grid through learning. Then how to amend
the parameters of Data Grid is specified. This kind
of learning can be seen as batch learning. But in
common sense, this kind of the batch learning can-
not work smoothly. For example, we cannot get the
enough big samples to learn. Real-time application
requests the knowledge in the data grid update con-
tinuously and requests Knowledge Grid to learn from
new samples on time.

Secondly, a double helix incremental learning (BHIL)
is needed by the knowledge discovery system. BHIL
can adjust Data Grid through analysis and recogni-
tion on new samples. The double helix architecture
of Knowledge Discovery can learn new knowledge
based on the original knowledge and rapidly adapt
environment changes. BHIL can realize by adjusting
the parameters and can increase or decrease the node
of Data Grid. It changes the structure of Data Grid.
Knowledge Grid determines the learning ability of
Data Grid although this ability is not easily deter-
mined in advance. BHIL can avoid the quandary of
the choice in Data Grid.

The adjustment of Knowledge Grid exerting on Data
Grid has the basic three types: increasing, decreas-
ing, or unite of the both. Generally increasing ad-
justment is easier to be worked out and to be realized
than decreasing adjustment, because the decreasing
adjustment is liable to the oscillation of the knowl-
edge discovery system.

3. IMPLEMEMTATION FOR MCNs

The explosive growth of MCNs, the increased user
demand for bandwidth, and the declining cost of
technology have all resulted in the emergence of new
classes of QoS integrated evaluation system with net-
works forwarding rates on the order of gigabits, or
even terabits per second. So during the arranged pro-
cesses of the real-time MCNs, an effective QoS cen-
tric integrated evaluation system must be designed
and established.

Here, the double helix architecture of the knowledge
discovery system based on Data Grid and Knowl-
edge Grid of QoS integrated evaluation systems for
MCNs is put forward. This knowledge discovery sys-
tem meets the requirements of the next-generation
MCNs which require structural simple, high-speed,
high-operability evaluation system.

Grid frame tools such as known tools Globus [2] and
Legion [3] supply the open frame and unit the re-
source management platform. The double helix ar-
chitecture of the knowledge discovery system based
on Data Grid and Knowledge Grid of QoS integrated
evaluation systems for next-generation MCNs is con-
structed on Globus grid tools and services. These
tools can unite the nodes in Data Grid and Knowl-
edge Grid. These grid services can result in the par-
allel and distributed knowledge frames based on mid-
dle ware of Grid. Three layers shown in Fig. 5 orga-
nize the frame of the knowledge discovery system.

3.1. Ground layer for Data Grid

The ground layer for Data Grid includes a database,
a information base, and a knowledge base of MCNs.
The database and information base include real-time
data monitored in MCNs. The knowledge base in-
cludes the knowledge from MCNs experts, the knowl-
edge learned from the knowledge users and the knowl-
edge mined during the knowledge discovery processes.

3.2. Middle layer for Knowledge Grid

The middle layer for Knowledge Grid gets knowledge
from incremental learning in different structures, dif-
ferent technologies and different regions based on
Data Grid and Computation Grid. The double helix
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Figure 5: Frame of knowledge discovery system for
MCNs.

architecture will realize the united organizing, exe-
cution, coordination of data mining tools and visu-
alization tools.

There are four main service parts in this middle layer
as follows:

(1) Knowledge transferring service. It takes the re-
sponsibility of semantic description in the grid
resource including place of mainframe computer,
place of mainframe monitor, source of data,
tools, extracted algorithm, distributed knowl-
edge workflow, results of mining.

(2) Resource coordination service. It administrates
usage of the resources and responses the re-
quests of the workflow. If usage of the resource
is unbalanced and conflicted, this service will
coordinate the mapping relationships.

(3) Resource distribution service. It determines the
constraint condition and gives out the resource
distribution scheme after the united analysis
of workflow. This service is denoted by the
abstracted semantic unit and the present re-
source.

(4) Workflow execution service. It executes the map-
ping between Data Grid and Knowledge Grid.
This service will utter the invitation for the
data mining process.

3.3. Application layer for Knowledge
Discovery

The application layer for Knowledge Discovery in-
cludes incorporating, validating, and executing dis-
covery service, supplying service with storing and
mining knowledge. These services can be listed out
as follows:

(1) Visualization service. It visualizes the extracted
knowledge model such as correlation rules, colo-
nial models and so on.

(2) Evaluation service. It compares with the QoS
requests of MCNs or the original knowledge
discovery models to decide the validity of the
knowledge discovery system.

(3) Workflow service. It testifies the source of data,
extracting tools, data mining tools, and visual-
ization tools. It transfers relationship by graph-
ing and defining the basic structure of resource
applications and usage constraints.

(4) Rule and algorithm service. It finds, chooses
and downloads data mining tools, rules and al-
gorithms.

(5) Data visiting service. It searches, chooses, ex-
tracts, transfers and issues the data.

4. CONCLUSIONS

This paper presented a double helix architecture of
Knowledge Discovery based on both Data Grid and
Knowledge Grid. This architecture utilized the co-
operating mechanism of the data nodes in Data Grid
and the knowledge nodes in Knowledge Grid. The
double helix knowledge discovery system can set up
many positive-covers and negative-cover processes.
The system can modify and optimize the parame-
ters and structures of Data Grid continuously. Also
the system can add the knowledge nodes acceding to
the demands and prune the redundant nodes. The
system not only keeps the advantages of the original
knowledge discovery system, but also fits for incre-
mental learning which could enhance the generaliza-
tion capability of the knowledge discovery system.
The situational results on MCNs showed that the



double helix knowledge discovery system is not sensi-
tive to the order of the samples and can learn quickly
and steadily even if the performance of the original
knowledge discovery system is not very good.
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