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Abstract—For supporting the grid computing in dynamic 
network environment composed of multi-clusters, a 
continuance parallel computation grid (CPCG) is proposed 
in this paper. A series of formal definitions, such as the 
CPCG architecture, the dynamic network environment 
(DNE), the management agent system, the independent 
computing agents (ICA) which support the traditional 
computing (TC), the cooperation computing team (CCT) 
which supports the data parallel computing (DPC), and 
their relations are given. Through DPC, TC, and the 
migration mechanism, the continuance data parallel 
computing (CDPC) was constructed. The dynamic learning 
method, the fuzzy partition technique for the logical 
computer cluster on which CCT runs, the stage checkpoint 
mechanism and the migration process are studied. CPCG 
computing process is described. The experiment results 
show that CPCG resolves effectively the problems of 
optimization use of resources in DNE. It can be fit for grid 
computing.  
 
Index Terms—parallel computation, dynamic network, 
multi-clusters grid, continuance parallel computation 
 

I.  INTRODUCTION 

With the rapid development of the information 
techniques and their popular applications, the demand for 
the high performance processing devices is becoming 
more and more vehement. Nowadays, the numbers of 
Intranet composed of many computer clusters are quickly 
increasing, and a great deal of cheap personal computers 
are distributed everywhere, but the using rate of their 
resources is very low[1, 2]. Mining and adopting these 
idle resources, we can get alot of large-scale high 
performance computation, storage and communication 
resources which are not special. However, the 
heterogeneous, dynamic and unstable characteristic of 
these resources brings the huge obstacle for us. The grid 
[3] techniques and multiagents [4, 5] can become the 
main approaches to use effectively these resources, and 
the multiagents have already become the feasible 
solutions for grid computing. There are many successful 
examples [6, 7] of applications which are in conjunction 
with the automatic multiagent system. On the other hand, 

the researches of parallel computing based on grid are 
development quickly, and there are a lot of research 
results [8-12] today. The data parallel computing (DPC) 
[13] is an important computation mode in traditional 
parallel environments, such as the computer cluster. 
Because the dynamic network environment (DNE), which 
is composed of many computer-clusters connected by 
Intranet, is dynamical, the DPC computing can’t be 
completed in one computing phase, and it need many 
computing phases to complete. Due to the computation 
resources for DPC may be single computer or a computer 
cluster, DPC mode have to degenerate into the traditional 
serial computing (TC) mode. Therefore, the continuance 
data parallel computing (CDPC) in DNE means that the 
computing task is executed mainly by the DPC mode and 
sometimes by TC mode and it need many computing 
phases to complete. How to use the computation 
resources in DNE  to support the CDPC is a very interest 
work. The key techniques are as follows : (1)How to 
partition the logical computational unit for DPC; (2) How 
to classify the DPC task by their resource demands; (3) 
How to set the checkpoint [10] [12][14][15][16]; (4) How 
to increase the intelligence of computing agents by self-
learning[17,18];(5)How to migrate the computational 
tasks [11] [19-22]. 

This paper introduced a Continuance Parallel 
Computation Grid (CPCG) in DNE. Building an open 
grid computing environment; using of the idle 
computational resources of DNE; adopting the multiagent, 
the fuzzy theory [23], the self-learning methods, DPC, 
TC and the migration mechanism, we designed the CPCG 
model that can support the continuance data parallel 
computing. The experimental results show that CPCG 
can increase the percentage of the using resources in 
DNE and it can improve response time of computation-
intensive tasks. 

ⅡARCHITECTURE OF MCG 

CPCG includes two parts: one is DNE that is the 
personal computers for grid computing, and DNE is 
composed of many computer clusters connected through 
LAN and Intranet, and all the computers is not special; 
other is the agent system, and we call it as GCG (Global 
Computing Group). GCG is composed of a management 

Supported by National Nature Science Foundation of China 
(No.60573108). 

JOURNAL OF NETWORKS, VOL. 5, NO. 1, JANUARY 2010 3

© 2010 ACADEMY PUBLISHER
doi:10.4304/jnw.5.1.3-10



agent system (MAS) and a lot of computing agents. The 
architecture is presented in figure1. 

 
Figure. 1.The architecture of CPCG 

A.  DNE  
 Definition.1. Computing node (CN) is defined as CN 

(id, CT, AS, RSV, st), where id is the identifier of CN; Let 
CT be  the type of computing node (definition 10); Let 
AS be set of agents running on CN; RSV(rcpu, rmem, rdisk, 
rnet) is  its resource support vector, power of its CPU 
denotes as rcpu , power of its memory storage denotes as 
rmem, power of its hard-disk denotes as rdisk , and power of 
its network adapter denotes as rnet .Let st ∈ {“Local”, 
“Idle”, “Running”} be its state. “Local” represents that 
computer is undertaking local tasks, “Idle” means 
computer of being vacant. “Running” denotes that 
computer is performing tasks for  Grid.  

Definition.2. Computer cluster (CC) is defined as CC 
(Master, CS), where Master is the main computer of CC; 
Let CS= {CN1, CN2 … CNp} be the set of all computing 
nodes in computer cluster. 

Definition.3. Logical computer cluster (LCC) is 
defined as LCC (id, LCS, B, CC), where id denotes the 
identifier of LCC; Let LCS be the set of computing nodes 
of LCC; CC is the computer cluster which comprises 
LCC. Network bandwidth of LCC denotes as B. 

So, the dynamic network environment (DNE) can be 
defined as DNE (Master, CCS, N, R), where Master 
denotes the main computer of DNE; CCS is the set of all 
computer clusters in DNE; Let N be its network set; R 
denotes the connection rules. 

B.   Management Agents System (MAS) 
    The main functions of MAS are the computation 
resource management, the DNE monitoring and the task 
scheduler.  MAS involves three parts. The first part is the 
global control agent (GA) which should be responsible 
for management of CPCG. The second part, called as 
local agent(LA) , is the agent for managing single 
computer cluster. The last part is the agents for managing 
the computing nodes, which are called as the node Agents 
(NA), and each computing node has a NA. MAS’ structure 
is the tree-level-ring-tree (TLRT) and it is shown in 
Figure 1. 

The main functions of GA are as follows: (1) Control 
and manage DNE; (2) Receive and dispatch the 
computing tasks; (3) control and monitor CDPC process; 
(4) Construct and remove CCT for DPC; (5) construct the 
LCC for DPC; 

The main functions of LA are as follows: (1) Control 
all the computing nodes in its cluster; (2) Calculate the 
idle resources of cluster, and report them to GA; (3) 
Monitor the states all computing nodes and node 
agents；  

The main functions of NA are as follows: (1) Control 
the computing node to join or to disjoin the DNE in 
dynamic; (2) Calculate the idle resources, and report them 
to LA; (3) Monitor the states and events in CN, and make 
the response adjustments; (4) Control the computing 
agents (ICA or CCA) to complete the computing task. 

C.  Computing Agents and GCG 
There are mainly two types of computing mode in 

CPCG to support CDPC: the traditional serial computing 
(TC) based on single computer and data parallel 
computing (DPC) based on logical computer cluster. In 
order to support the two computing mode, the 
cooperation computing team (CCT) and the independent 
computing agent (ICA) must be introduced firstly.  

Definition.4.Computing agent (CA) is defined as CA 
(id, PRG, BDI, KS, CE), where id is the identifier of CA; 
Let PRG be  the executable program set of CA; BDI is the 
description of its BDI; Knowledge set denotes as KS ;  
Configuration environment denotes as CE. CA is the 
basic element to execute computation task; 

Definition.5. independent computing agent (ICA).if 
one CA could complete the task independently, we call it 
as the independent computing agent (ICA); 

Definition.6. cooperative computing agent (CCA).if 
one CA couldn’t complete the task independently. So it 
must cooperate with others.  Then we call it as the 
cooperative computing agent (CCA); 

Definition.7. Cooperation computing team (CCT) is 
defined as CCT (id, Am, CAS, BDI, CKS, CCE, LCC), 
where id is the identifier of CCT; There exists main 
control agent denoted as Am which is the master of 
MASTER-SLAVER parallel mode in CCT.CAS is the set 
of all cooperative computing agents (CCA) in CCT.BDI is 
the description of its BDI; Knowledge set denotes as CKS. 
Configuration environment denotes as CCE . LCC is a 
logical computer cluster, on which CCT runs. 

So, global computing group (GCG) is defined as 
GCG (id, MAS, ICAS, CCTS, GKS, GCE), where id is the 
identifier of GCG; MAS gives an indication of the 
manage agent system of GCG; ICAS is indicative of the 
set of ICA which GCG includes; CCTS denotes as  the set 
of CCT which GCG includes; GKS is an indication of  
knowledge set. GCE indicates its configuration 
environment. The relations between DNE and GCG are 
presented in figure 1. 

D.  CDPC  
   Definition.8. Task (TSK) is defined as TSK (id, RDV, 

DAT, AS, St), where id is the identifier of TSK; RDV(cpu, 
mem, disk, net) is its resource demand vector; DAT 
denotes as  the data set; AS is an indication of the set of 
agents to calculate TSK. St represents its state. There exist 
six states of TSK which are “Committed”, “ready”, 
“Suspended”, “Migrating”, “Running” and 
“Completed”. The State graph is presented in Figure 2. 
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Figure.2. The state graph of task 

Obviously, there is no quiescent environment in DNE. 
The computing task, which will run for a long time, can 
not be completed in one computing phase. Then it must 
be migrated during the computing process. So, computing 
task may span many computing phases to be completed. 
Therefore, Beyond doubt, there exist different computing 
mode (ICA or CCT) in the whole  period.  

Definition.9. Continuance Data Parallel Computing 
(CDPC) is defined as a computing phase sequence {CS1, 
CS2,…., CSCDPC}, where CSi is the i th computing phase, 
and the computing  mode of CSi is ICA or CCT; If the 
computing mode is CCT ,the CCT (LCC) scale may be 
different in different computing phases. All tasks of 
CPCG are to be executed in the form of CDPC. The 
continuance means is that the suspended time of tasks is 
as short as possible.  

Ⅲ  CONSTRUCTION OF LOGICAL CLUSTER  

   When GA receives the information from all computing 
nodes in DNE, the logical computer cluster will be 
constructed for DPC mode. Here let  PCS={ CNi（idi, 
CTi, ASi, RSVi, sti） | 1≤i≤n } be the set of all idle 
computing nodes in DNE. Actually, as different computer 
node may provide different resources, we must classify 
the computer nodes to different power logical computer 
clusters according to their power. Therefore,   the 
principle of classification is based on their power of CPU, 
Memory, Disk, and Net adapter. For solving this problem, 
we should firstly discrete the power data. And fuzzy 
relation theory is employed to represent the data. 

A.  Resource Matrix 
Suppose that MR= (rij) (1≤i≤n, 1≤j≤4) is the resource 

matrix in DNE. Fi denotes as CPU frequency of CNi, here 
it is measured in MHZ; Mi denotes as memory capacity of 
CNi, and it is measured in MB; Ri indicates  Disk speed of 
CNi, and it is measured in RPM; Ni indicates  
communication power of CNi, and it is measured in MBS; 
The resource matrix elements are determined by the real 
ability of computing nodes, and the calculation method is 
as follows: 

 ri1=
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
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 Partition for logical computer cluster 
    It is very important to divide different logical computer 
clusters. Then the LCC division algorithm as follows: 
Algorithm3.1 Partition method for LCC. 
(1) MR= (rij) (1≤i≤n, 1≤j≤4) is the resource matrix in 

DNE, where n is the numbers of all idle computing 
nodes; T is a DPC mode task. 

(2) Construct the fuzzy matrix FM= (fij) (1≤i≤n, 1≤j≤n),   
where  
fii=1； 
fij=1- β （x1| ri1 – rj1|+x2| ri2 – rj2|+x3| ri3 – rj3|+x4| ri4 – 

rj4|），when i≠j, and 0＜ β ＜1, and x1+ x2+ x3+ 
x4=1, xk>0 (1≤k≤4); 

(3) build the fuzzy equivalence matrix; 
Repeat do  

      FT=FM ⊙ FM;   //⊙ is the operation theorem to take 
the maximum and minimum   

      If FT=FM then goto (4); 
      FM=FT; 
    End do; 
(4) Calculate the c-cut matrix FMc; 
(5) Divide the computing nodes of PCS into several 

equivalence class LCC1∪LCC2 …∪ LCCe by FMc ; 
(6) Choose a LCC for T according to its resource demand 
vector by algorithm3.2. 

B.  Choose LCC for DPC mode task  
   Suppose that LCCS = LCC1∪LCC2 …∪ ∪LCCe is the 

set of all logical computer clusters which are built 
through algorithm3.1, and T is a DPC mode task. 

 
Algorithm3.2. Choose LCC method for DPC mode 
task. 
(1) Get the resource demand vector RDV (w1, w2, w3, w4) 
of T; 

 mine= ∞ ; 
(2) While LCCS≠φ  do 
   { Get S∈LCCS ； /* S is a logical computer cluster */ 
      Calculate total resource vector (arCpu, armem, ardisk, 

arnet) of all computing nodes of S, it is as follows: 
{arCpu= ∑

SinCN

cpurRSVCN
  

.. ;   

armem= ∑
SinCN

memrRSVCN
  

.. ; 

ardisk= ∑
SinCN

diskrRSVCN
  

.. ;   

arnet= ∑
SinCN

netrRSVCN
  

.. ; 

y1=arCpu/(arCpu+armem+ardisk+arnet);  
y2=armem/(arCpu +armem +ardisk+arnet); 

  y3=ardisk/(arCpu+armem+ardisk+arnet);    
y4=arnet/(arCpu +armem +ardisk+arnet); 
}; 
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or TC) 

Ready 
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Committed 
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Construct the vector Y（y1,y2,y3,y4）; 
e=|y1-w1|+|y2-w2|+|y3-w3|+|y4-w4|; 
if mine<e then { LCC=S; mine=e }; 
LCCS=LCCS-{S}; 

}；// end while 
(3) Choose LCC as the logical computer cluster for T; 
(4) End. 

C.  Optimized LCC  
   Obviously, the LCC may span many different networks 
in DNE, so LCC can be optimized   through the network 
skip distance, network bandwidth, and the resource 
demand vector of T.  Suppose that NSET= {Ni (bwi)| 
1≤i≤m} is the network set in LCC. bwi indicates 
bandwidth of Ni, and m indicates the numbers of network. 
RDV (w1, w2, w3, w4) indicates the resource demand 
vector of task T. The process is described as follows: 
 (1) Construct network matrix NM= (sij) (1≤i≤m, 1≤j≤m) 

that is composed of the factors of the network skip 
distance and bandwidth. The construction method for 
NM is as follows: 
sii=1； 
sij=1-γ （distance( Ni – Nj)+ | bwi – bwj |），when i≠j, 

and 0＜γ ＜1; 
When the network skip distance between Ni and Nj is 1, 

distance (Ni, Nj) =1; 
When the network skip distance between Ni and Nj is 2, 

distance (Ni, Nj) =3; 
When the network skip distance between Ni and Nj > 2, 

distance (Ni, Nj) =6; 
When the bandwidth of Ni is 10MB, bwi=1; 
When the bandwidth of Ni is 100MB, bwi=3; 
When the bandwidth of Ni is 1000MB, bwi=6; 
If   Ni.bwi=1 and (Nj.bwj=3  or Nj.bwj=6) then distance
（Ni, Nj）=6 

If   Ni.bwi=3 and (Nj.bwj=1  or Nj.bwj=6) then distance
（Ni, Nj）=6 

If   Ni.bwi=6 and (Nj.bwj=1  or Nj.bwj=3) then distance
（Ni, Nj）=6 
(2) Build the fuzzy equivalence matrix: 

Repeat do  
      FT=NM ⊙ NM; //  is the operation theorem to⊙  take 

the maximum and minimum  
      If FT=NM then goto (4); 
      NM=FT; 
    End do; 
(3) calculate the c-cut matrix FMc by w4 of resource 
demand vector of T; 
(4) Divide the computing nodes of LCC into several 

equivalence class 
SLCCS=SLCC1∪SLCC2 …∪ ∪SLCCe by FMc ; 

(5) SLCCS is the set of optimized LCC according to the 
network factors. 

Ⅳ  DESCRIPTION OF AGENT LEARNING MODEL 

   Because of the difference resources which CC, CN, and 
the network provided in DNE, their types must be 
considered. These types are described as follows:     

    Definition.10.Computing node type (CNT) can be 
defined by RSV (rcpu, rmem, rdisk, rnet) of the computing 
node. According to the real conditions of each CN in 
DNE, the CN types can be divided into the computing 
node type set CTS= {CT1, CT2,...,CTct}. 
    Definition.11.Network type (NT) is defined as NT (B, 
PRT), where B denotes as the network bandwidth of CC; 
PRT indicates network protocols of CC. According to the 
real condition of networks, network types can be divided 
into the network type set NTS= {NT1, NT2,...,NTnt}. 
 
The agent rules are described as follows: 
(1) Basic rule (br) is defined as br (id, rul, MRS), where 

id is its identifier; rul is the description of br; MRS is 
the meta-rules set for revising br; The basic rule set 
(BRS) is the set of all basic rules that GCG includes; 

(2) Dynamic rule (dr) is defined as dr (ct, nt, br, rul, w, 
sta, life), where ct∈CTS,  nt∈NTS, br∈BRS;  rul is 
the formalization description of dr; w is the its weight 
value; and sta is its state, and sta ∈ {“Naive”, 
“Trainable”, “Stable”}; “Naive” denotes that the dr is 
a new rule; “Trainable” denotes that the dr is 
revising rule;  “Stable” denotes that the dr is a mature 
rule; life is  the its life value; 

(3) If dr is a dynamic rule and dr.w>MaxWeight, which 
MaxWeight is a constant in GCG, we call dr as the 
static rule (sr), its state is “Static”; 

(4) If dr is a dynamic rule and dr.w<MinWeight, which 
MinWeight is a constant in GCG, we call dr as castoff 
rule (cr).   Its state is “Castoff”. 

The state graph of rules is presented in figure 3. 

 
Figure. 3.The state graph of rules 

The dynamic knowledge is the set of all the dynamic 
rules in GCG. The static knowledge is the set of all static 
rules. The basic knowledge can be earned by passive 
learning. To adapt the variety of computing resources, the 
dynamic rules must be generated at the start of the 
computing and be revised during the TSK computing 
process. Therefore, reinforcement learning can be 
adopted in the revising mechanism. Resources utilization 
rate for TSK is very important reinforcement factors.  

Suppose that Y1 is the castoff threshold, and Y2 is the 
mature threshold; Q (urt) denotes as the reinforcement 
function, and Q (urt) >0.urt indicates resources utilization 
rate; MaxWeight is the maximum of the rule weight, and 
MinWeight is the minimum of the rule weight, and let 
MinWeight<Y1<Y2<MaxWeight; MaxLife be the 
maximum of life value. The revising process is as follows: 
(1) Suppose that a computing agent CA adopted a 
dynamic rule dr of CA.KS;  
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(2) dr.life + +;  //increase the value of life  
(3) wait for the urt from MAS; 
(4) If urt >0  then  dr.w=dr.w + Q(urt); //increase   weight  

If urt <0 then dr.w=dr.w－Q (urt);  //decrease weight  
(5) If dr.w>MaxWeight then dr.w=MaxWeight;  

If dr.w<MinWeight then dr.w=MinWeight; 
(6) If dr.w<Y1 and dr.life>MaxLife then dr.sta=“Castoff”; 
//Castoff rule    

If Y2< dr.w < MaxWeight then dr.sta=“Stable”; 
//Stable rule  

If dr.w >= MaxWeight then dr.sta=“Static”; //Static 
rule   

If Y1<dr.w<Y2 then dr.sta=“Trainable”; //Trainable 
rule  

If MinWeight <dr.w<Y1 then dr.sta=“Naive”. 

ⅤProcess of CPCG 

The CPCG computing process is as follows: 
(1)  The user agent commits the tasks to GCG, and their 

states is “Committed”;  
(2)  GA of GCG gets a task TSK that state is “Ready”;  
(3)  GA does the initialization works for TSK;  

Set Cphase=0; // computing phase counter 
 GA decides the computing mode for TSK by the 
conditions of DNE; 

(4)  GA allots a computing device PE (that is a CN or a 
LCC) for TSK; if this computing phase for TSK is 
DPC mode, GA get a LCC (That is constructed by GA 
through fuzzy partition method) for TSK; if this 
computing phase for TSK is TC mode, GA get a single 
computing node CN for TSK; Set Cphase= Cphase+1; 

(5) LA and NA, which PE (CN or LCC) includes, 
constructed computing Agents (ICA or CCT) for TSK;  

(6) All computing agents (ICA or CCT) for TSK construct 
the dynamic knowledge;  

(7) All computing Agents calculate the TSK in 
cooperative, and they construct the stage checkpoint 
(Section 6.1) during the computing process, and they 
start the rule revising functions to revise the dynamic 
knowledge;  

(8) If the TSK must be migrated, GA starts the migration 
process (Section 6.2 and 6.3) and then does  
{Set Cphase= Cphase+1; // next computing phase 
Go step (6) to continue the next computing phase ;} 

(9) If TSK be finished, GA receives the TSK from all NA 
of PE and save the new knowledge into its knowledge 
base.  

Ⅵ  MIGRATION PROCESS  

A.  Checkpoint for DPC 

    In order to support the CDPC, we discuss the effective 
checkpoint mechanism. The communication checkpoint 
[10] [12][14][15][16] is very important for parallel 
computing, and it may cause the domino effect. The 
coordinated checkpoint [15] and the independent 
checkpoint [16] are the possible techniques. But the 

additional spending of coordinated checkpoint is very 
high, and the independent checkpoint is not fitting for the 
DPC mode. We propose a stage checkpoint approach to 
support the CDPC. 
   The DPC process in CCT can be divided into a series of 
computing stages by the global synchronization point in 
CCT. We design two types of checkpoints in each 
computing stage: the first one is local checkpoint that is 
the state information of local computing process of CCA 
and it is the independent, and the failures of 
communication can be restore through the fault-tolerant 
communication protocols; the second one is 
synchronization checkpoint which is the backups in the 
synchronization point of CCT, and it is the process that 
the middle results (or final results) are gathered. The 
stage checkpoint is presented in the figure 4. The stage 
checkpoint mechanism avoids the additional spending of 
coordinated checkpoint and the incomplete characteristic 
of independent checkpoint. The stage checkpoint can be 
described through XML language. 

 
Figure.4. CCT process and the stage checkpoint 

B.  Migration Strategies 
   CDPC process involves a series of migrations, and the 
migration process can be classified as four sorts: (1)ICA
→ICA; (2)ICA→CCT; (3) CCT→ICA; (4) CCT→CCT. 
The former three sorts are very simple, but the last one 
must be discussed in detail. 
    Now suppose that CCT runs on a logical cluster LCC 
and CCT=MIG∪NMIG, where MIG is the set of the 
computing agents that will be migrated; NIMG indicates 
the set of the non-migration computing agents; 
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(1) If NMIG isφ  , all CCAs of CCT will be migrated into 
a new logical cluster NLCC, and the NLCC is optimized, 
so the migration process is simple; 

(2) If NMIG is notφ , all CCAs of MIG will be migrated 
into a new logical cluster NLCC, and CCT will run on 
two logical computer clusters NLCC and RLCC (RLCC 
is the subset of LCC which NMIG runs). NLCC∪RLCC 
could not be optimized, so we construct the migration 
functions: 

 
MF=

NLCC)  Dist(RLCC,      NLCC)  Diff(RLCC, Z2
NLCC) , MBw(RLCC   (NLCC) TotalPower Z1

××
××  

 
    Where TotalPower(NLCC) indicates total computing 
power of NLCC; Diff(RLCC, NLCC) denotes their 
difference of  RSV; Dist(RLCC,NLCC) denotes network 
skip distance between RLCC and NLCC; 

NLCCMBw(RLCC, ) gives the indicative of minimal 
network bandwidth which the path from RLCC to NLCC 
includes; Z1 and  Z2 are the coefficient. 

If MF > Y4 (Y4 denotes as migration threshold), the 
migration will be executed; if MF <Y4, the sub-tasks 
from the computing agents of MIG will be retractible, and 
the CCT (NMIG) will run on RLCC. 

C  Migration Process 
   We present the process that ICA to ICA migrates and 
CCT to CCT migrates. 

Algorithm6.1. Migration of ICA to ICA 
 An ICA running on the computing node CNi must be 

migrated into the computing node CNj, so the migration 
and learning process is presented as follows: 
(1) ICA commits its CE and KS to NA in CNi, and NA in 

CNi saves the KS and CE; 
(2) ICA asks for a new computing node CNj from GA, and 

it consults with NA of CNj, and migrates into CNj; 
(3) ICA gets the current knowledge about CNj and the 

other agents from NA of CNj; 
(4) ICA and NA of CNj learn each other, and they resolve 

the conflicts, and they refresh their KS and CE; 
(5) CNi and CNj report their KS and CE into LA and GA; 
(6) ICA continues the next computing phase and Learning 

process on CNj at the newest stage checkpoint. 

Algorithm6.2. Migration of CCT to CCT 
  Suppose that CCT(id, Am, CAS, BDI, CKS, CCE) is 

a cooperation computing team running on the logical 
computer cluster LCC, and CAS=MIG∪NMIG, where 
MIG indicates the set of the computing agents that will be 
migrated; NIMG indicates the set of the non-migration 
computing agents. The migration process involves   three 
sub-algorithms. 

Algorithm.6.2.1  
 While NMIG≠ φ   and Am∈NMIG, the migration  

process is as follows: 

(1) All the computing agents of MIG migrate into their 
new computing nodes severally, and learn the new 
knowledge according to the algorithm6.1; 

(2) For all CCA∈MIG do (3)(4)(5): 
(3) CCA learns the cooperation knowledge from Am 

of NMIG, and consults to resolve the conflicts;  
(4) If the conflict consultation was failure, CCT will 

retract the task t from CCA and expel CCA;/*MIG=MIG-
{CCA}*/ 

(5) If the conflict consultation is successful, then  
{CCA refreshes its KS; NMIG=MING+ {CCA};        
MIG=MIG-{CCA}  }; 

(6) CCT continues for executing the next computing 
phase at the newest stage checkpoint. 

Algorithm.6.2.2  
 While NMIG≠ φ and Am ∉  NMIG, the migration 

process is as follows: 
(1) All the computing agents in NMIG cooperate to 

elect a new  main control agent  Anm from NIMG, Am 
submits the cooperation knowledge about CCT  to  Anm; 

(2) Do the algorithms.6.2.1; 

Algorithm.6.2.3  
While NMIG= φ , the migration process is as follows: 
(1) Am migrates into the new computing node 

according to algorithm6.1, and notices GA; 
(2) Am broadcasts its new conditions to all members of 

CAS of CCT;  The other members of CAS receive the 
messages from Am ,and  they do the migration by 
algorithm 6.1, and they submits the learning results to 
Am;  

(3) After all the cooperation computing agents finish 
the migration process ,CAS cooperate to produce the new 
CKS  by Am control ; 

(4) CCT continues the next computing phase at the 
newest stage checkpoint. 

Ⅶ   EXPERIMENTS 

We have performed a number of experiments to verify 
the CGCP model in the DNE , which is composed of 24 
computers and 3 physical computer-clusters connected by 
Intranet. All the computers are classified as four groups 
depending on the types of CPU, memory, disk, and net 
adapter. These groups are RSV (3000MHZ, 512MB, 
7200RPM, 100M), RSV (2600MHZ, 256MB, 7200RPM, 
100M), RSV (1600MHZ, 256MB, 5400RPM, 1000M),  
and RSV (1200MHZ, 128MB, 5400RPM, 100M).The 
operating systems of the computers are the Windows 
series or Linux. For the performance evaluation, there are 
three sets of continuance data parallel computing tasks 
which are the matrix operations, the linear programming 
and JOIN operation that is a most important operation of 
parallel relation in the parallel relation database. We 
programmed the DPC edition and TC edition for these 
operations in order to support CDPC.  The Matrix 
operation RDV is (0.3, 0.3, 0.2, 0.2), and the linear 
programming RDV is (0.5, 0.3, 0.1, 0.1), and JOIN 
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operation RDV is (0.2, 0.3, 0.25, 0.25). The intranet clock 
is synchronous through GTS protocol. The initialization 
basic rules include 24 rules for ICA and 7 rules for CCT, 
and the parameter values are as follows: 
MaxLife=43200(s), Y1=15, Y2=80, Y3=0.3, 
MaxWeight=100 and MinWeight=0. 

The experimentation includes seven times, and each 
time has 12 hours, and the total amount is 84 hours.  The 
tests adopt a random function to choose some tasks (the 
matrix operation, the linear programming, and JOIN 
operation) in each time. In order to make the tasks to 
migrate as far as possible in the DNE, We make use of 
the random migration function RandMigration() to form 
the migration strategies during the test processes. 
Through the average values of the test information, we 
observe the test results of CPCG. The experiment results 
are as follows: 
    Experiment1. As shown in table 1, we can see the 
distribution characteristic that LCC spans many networks. 
Obviously, JOIN operation depended on the network 
bandwidth greatly. 

Table I. The distribution characteristic that LCC spans many networks 

                              Network  
 
 

Numbers 
that LCC spans 

Operations 

 
1 

 
2 

 
3 

     Matrix operation 0.81 0.19 0.00 
Liner programming 0.12 0.78 0.10 

JOIN operation 1.00 0.00 0.00 
    Experiment2. We tested the effective scales of the 
logical computer cluster (LCC) for three types of DPC. 
The test results are presented in Table2.  

TableⅡ. The effective  scales  of LCC for different DPC 

DPC  Matrix 
operation 

Liner 
programming 

JOIN 
operation 

Effective 
scale 

About 8 About 10 About 5 

    Experiment3. Fig 5 presents the comparison the 
distribution of dynamic rules, which are generated during 
the learning process. The solid line denotes the 
distribution of dynamic rules that their state is always 
“Naive” during their life period. The dotted line denotes 
the distribution of the “Trainable” dynamic rules that 
their sate had become the “Stable” during their life period. 
It can be seen from the figure that the efficiency of this 
learning model is increased gradually along with 
computing process.  

 
Figure. 5.The tests results of migration learning model and the use rates 

of DNE 

    Experiment4. As shown in fig 5, the thick solid line 
denotes the average resources utilization rate of DNE. No 

doubt, CPCG can raise resources utilization rate of DNE 
consumedly. 
    Experiment5. Table 3 presents the comparison the 
average time rates of computing mode (TC, DPC) for 
three kind CDPC computing task. The test result show 
that JOIN operations depend on its large data and its 
migration cost is very high; the others can fit for this 
migration model. 

TableⅢ. The  rates of time 
    Operations The time 

rate of 
DPC  

The  time 
rate of 

TC 

Suspended 
time rate  

The time 
rate of 

migration 
     Matrix 
operation 

0.66 0.15 0.04 0.15 

Liner 
programming 

0.77 0.12 0.02 0.09 

JOIN 
operation 

0.35 0 0.37 0.28 

ⅧCONCLUSIONS 

    Because of the heterogeneous resources, the different 
power of computers, and the migration of computing task, 
the effective use of resources is very difficult for the grid 
computing in the dynamic network environment. Through 
the techniques of ICA, CCT, the dynamic learning and the 
logical computer cluster partition based on fuzzy theory, 
the stage checkpoint, and cooperation migration, CPCG 
can support  CDPC. These approaches can raise the 
resources utilization rate in DNE. It can fit for the grid 
computing in DNE.  
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