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Abstract

In this paper, genetic based Generalized Dimension Exchange (GDE) method is proposed with the intention to uniformly distribute the unprecedented web clusters workload.  Arbitrary topology of web servers is paired based on the graph coloring algorithms.  Combination of GDE and genetic algorithm robust searching capability will be used to explore the variety of exchange parameters to achieve the minimum convergence rate of the web cluster.  Genetic algorithm (GA) based on the evolutionary concept will choose the fittest survived genome to optimize the distribution process.  Simulation of 10 samples with different initial workload has been carried out in a 3x3 mesh web cluster.  The proposed GA GDE reviewed a better stability measurement compare with the traditional GDE method.   

1. Introduction

The exponential growth of Internet population has caused the traffic congestion in      server/client      environment.        High 

popularity web sites always take precaution on their server system capabilities to handle the burstiness of the traffic [1,2] especially in the peak hours.  A web cluster is a collection of servers that allows a web site to deliver information over the Internet [3].  It is established to gain higher capacity to overcome the heavy demands. But no significant network performance improvement is observed in the web cluster due to unequal workload distribution.   

Intensive studies have been done in order to improve the Internet responsiveness.  Round Robin DNS is one of the well-known methods that is applied in web cluster load balancing and load sharing.  However, for self similar [1] arrival of requests, Round Robin method is not applicable as the method is only practical for the uniformly distributed arrival requests [4].  Additionally, the limited DNS scalability [4] of the reached workload has failed to perform web cluster optimal resources utilization.  Further, artificial intelligent approaches also have been implemented in optimize the load balancing among the web cluster.  In [5], fuzzy decision making approach has been implemented to allocate and redistribute the workload among the servers based on the workload intensity indication with the intention to avoid the bottleneck of the web server system.  

Web cluster is unable to avoid overloading caused by failure of proper workload distribution.  The existence of the burstiness phenomenon in busy period yields dramatic heavy traffic in a particular time scale. Static load balancing methods are insufficient to perform optimal utilization of web cluster where some servers are overwhelmed while some are idle during the busy hours.  Consequently a dynamic load balancing method should be proposed in order to overcome misallocate of resources and low cluster servers utilization issues.

Basically, Generalized Dimension Exchange (GDE) method [6] is intensively implemented in parallel computing to equalize the workload between the multicomputers.  In this paper, the proposed GDE method is combined with genetic based searching technique to minimize the iterative workload exchanged between the servers. Arbitrary topology of the web cluster is represented by a graph with its associated vertices.  Edge coloring approaches is utilized to pair the web servers of webcluster with respected to workload distribution.  Minimum index orders of dimension are colored using Brelaz Color-Degree Algorithm approach to accelerate the convergence rate reaching the stable stage.  The dimension workload exchange among the servers is based on the colored graph and sets of random exchange parameters are optimally selected using genetic algorithm for every sweep.  Simulation experiment has been done by using 3x3 mesh web cluster.  The result shown that GA-GDE performed  a better stability measurement compare to the traditional GDE method.   

2. Genetic Based GDE Approach in Load Balancing

The aim of this method is to compare and equalize each neighbor server workload in an arbitrary web cluster topology until the workload distribution reaches the balance stage.  The first step of GDE approach is using edge-coloring method to determine the dimension indices.  The dimension [6] is defined as edges with the same color while the iterative process for all dimensions in the corresponding system topology is defined as a sweep.  Based on the predefined dimension, neighbor server workload exchanged is equalized along the order dimension.  The exchange parameter of the GDE method will govern the workload amount for each server.   Optimal sets of exchange parameters have been selected using genetic algorithm to accelerate the system to achieve the stable stage.  The structure of the process flow is illustrated in Figure 1.
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Figure 1: Genetic Based GDE Approach Process Flow

2.1  Web Cluster System Modeling

A given arbitrary graph G(V,E), is representing a web cluster model where V and E denoted as the vertex and the edge of the graph respectively.  For an arbitrary link oriented network, a vertex (V) represented a server and the edge denoted the connection between adjacent for an identical servers pair in the model.

If the edge coloring of graph G(Vi,Ej) is assigned with k colors, the edges of an identical graph G(Vi,Ej) are colored by minimum number of colors and the adjoining edges is in different colors.  The chromatic index of the graph G(Vi,Ej) is denoted by ((G) where based on Vizing’s theorem[7], the equivalent ((G)=( is defined as class I and ((G)=(+1 is known as class II where ( is the maximum degree of vertex of a graph.  3-tuple (x, y, () defined the chromatic index (, for the edge between the adjacent of x and y.  In this paper, the edge-coloring is determined as vertex coloring by associated with each graph G(Vi,Ej) to its line graph L(G). Hence, the chromatic index of edge coloring is equally to the chromatic number of vertices where ((G(Vi,Ej)) = ((L(G(Vi,Ej))).   

The first stage of the computation is to identify the web cluster workload distribution.  System distance [8] as a measurement metric will evaluate the efficiency of the current web server workload.  The workload-exchanged determination is based on the following criterions: 

a. when  every  servers  workload  is   less than a predefined parameter,(, the system balance state is confirmed based on the following equation
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where ( is govern by the topology and the size of the system

b.    when all the servers are idle.

2.2  Web Cluster  System Coloring

The occurrence of unequal workload distribution among web servers will lead to the GDE dynamic load balancing. Brelaz Color-Degree Algorithm[7] approached will be used in order to color an arbitrary given graph G(Vi,Ej).  The vertex coloring algorithm will divide the edge based on the least color degree and provide sequentially the precise chromatic number of a graph, ((L(G(Vi,Ej))).  The algorithm is expressed as following sequential order:

Step 1:  For a given arbitrary graph G(Vi,Ej), order the vertices in the form of  decreasing order of degrees.

Step2: The maximum degree vertex is colored with color Ca.

Step 3:  Choose a largest color-degree vertex and if the vertex is connected to some other vertex/vertices, select any vertex of maximum degree in the uncolored subgraph.

Step 4: With the minimum possible color, color the chosen vertex from Step 3.

Step  5:
Until all the vertices are colored, end the coloring algorithm.  Else go to Step 3.

Based on the vertex coloring, the edges colors can be determined accordingly before the workload exchanged among the neighbor servers.

3.0
Genetic Algorithm GDE Implementation 

After the determination of the G((), let the exchange parameter be ((n) and WL represent the current workload of a server x.  Initially, workload distribution required a number of iteration sweeps to reach the uniform workload distribution for each server.  Exchange parameter, ((n), is confined in the domain of [0,1] to ensured the convergence of dynamic load balancing in the web cluster.  For every iterative sweep, varied number of parameters ((n) will be determined.  The workload interchanged between servers are resolved by using the subsequent algorithm:

Step 1:
 Initially,  identify  the  G(()  and let WL represent the workload of a server x.  The exchange parameter, ((n) is determined when the parameter satisfies the fixed error, (.

Step 2:  Start iterative sweeps in n dimension for the same colors edges when the existence of the edge (x,y) with color n with n=1, n( (.
Step 3:
The   workload   of   the   server   x  is calculated as follow:

Step 4:  For  the  next  dimension,   n=n+1, repeat Step 2 and Step3 where n( ( until a fully sweep has been proceeded where the exchange parameter ((n) is selected via genetic algorithm.

Step 5:
After a fully sweep, detect the system state based on the following equation for every server k.  If the steady state has not been achieved, go to Step 2. Else, terminates the distribution algorithm.

3.1  Exchange Parameter Optimization
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Basically GA is an optimization search algorithm[9].  The first step of GA is to generate an initial population and formulated a string pattern for the complete solution of the particular model. The chromosome represents by a binary string depending on the number of the parameters.  By applying the operators such as selection, crossover and mutation after certain generations, the chromosome with the highest fitness is chosen to determine the unknown random parameters ((n).  In this paper, the fitness function is selected from the workload variance as below:

The fitness function threshold, ( is arbitrary predetermined at +( of the fitness function and the genetic algorithms searching process will be terminated when (  has been satisfied.
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The major parameters involved in genetic algorithms are

· Population size of the chromosomes
· Maximum number of generation
· Probability of crossover (Pcross) and
· Probability of mutation (Pmute)
Step 1:  initialization

· set population size and maximum generation
· set Pcross and Pmute
· [image: image5.wmf]2

1

|

|

 

  

w

WL

Function

Fitness

x

k

x

-

=

å

=

set generation = 0
· set the number of interchange parameters
· set the bit length for each parameter
Step 2:
generation of initial population

· randomly generate the binary number in the string
· find out the value of the decoder factor, (.
Step 3:   evaluate  the  fitness  function  for each one of the string in the current population according to the fitness function

Step 4 :
Set offspring count = 0 and generate the operator according to the crossover rate, mutation rate.  Perform crossover with probability Pcross. If crossover is not performed, put chromosome into the next generation and go to step 5. Otherwise 

a.   select mate from population with uniform probability.

b.     Select crossover point between the string with uniform probability.

c.    Recombine chromosomes place  both offspring in the next generation

Step 5: 
Repeat the Step 3 if the fitness function threshold, ( is not fulfilled. 

Step 6: 
Else if the fitness function threshold, ( is satisfied, terminate the operator function and finalize the last generation.

4.0   An Application
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Arbitrary, a web cluster is chosen where the topology of the internal servers is in the 3x3 mesh form where the web cluster consists of 9 servers.  The edge graph is associated with its line graph hence the edge coloring can be considered as a vertex coloring.  After the determination of Brelaz Color-Degree Algorithm, the mesh structure is colored with 4 different colors, c1, c2, c3 and c4. 10 arbitrary initially defined workload will be examined using GDE with GA and traditional approached. GA GDE exchange parameter, ((n) is varied for every colored edge.  Meanwhile, the single value exchange parameter of GDE is chosen as ( = 1/2 for every edges. The accuracy and efficiency of workload distribution between two methods are compared based to the system distance as a metric to verify the system stability.  For detail explanation, the workload distribution of sample-3 will explain the process of the GAs GDE.  

The initially workload of the nine servers are arbitrary defined as 1000, 0, 0, 0, 0, 0, 0, 0, 0 and 0 respectively with the associated vertices S1, S2, S3, S4, S5, S6, S7, S8 and S9,.  The edges of the graph are represented by alphabets a, b, c, d, e, f, g, h, i, j, k and l accordingly. For every iterative workload-exchanged, GA GDE will produce 12 different exchange parameters, ((n) where n is defined as the color of edge.  The predefined 3x3 mesh structure graph and its line graph structure is illustrated in Figure 2.

For the genetic algorithm approach, initially, the unknown exchange parameters are 12 and the genome length of the encoded chromosomes is represented by 60 randomly distributed binary value where every parameter is represented by 5 binary bits.  The decoding factor, ( is defined as 0.03125. The population size, Pcross, Pmute, number of crossing site and the numbers selected fittest chromosomes to next generation are fixed to 30, 0.8, 0.5, 3 and 3, respectively.  The variance of the workload is fixed as +(.  The initial workload distribution process will be terminated once the fitness chromosome reached the stationary state for 20 consecutive generation.  After the termination, the previous distributed workload will proceed new workload redistribution.  The mentioned procedure is repeated until the fixed error function is fulfilled.  The workload-exchanged process is illustrates in Figure 3 and the numerical result is shown in Table 1.  Finally, 10 samples with different initial workload are illustrated in Table 2.  After every sweep, the system stability measurement is calculated and the result is illustrated in Table 3.  

5.  Conclusion

Based on the result in Table 3, the proposed GAs GDE exhibited faster convergence rate for a 3x3 mesh web cluster structure comparing with the traditional GDE.  10 arbitrary chosen workload distribution samples justify that less iterative sweeps is proceeded to reach the stable state where every server is uniformly distributed.   

______
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Figure 2 : 3x3 Mesh Graph and Its Equivalent Line Graph
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Figure 3: Comparison between GA GDE and Traditional GDE Workload Distribution 

for 2 Consecutive Sweeps
	Exchange parameter
	((a)
	((b)
	((c)
	((d)
	((e)
	((f)

	Sweep 1
	0.387
	0.452
	0.097
	0.387
	0.323
	0.871

	Sweep 2
	0.387
	0.893
	0.194
	0.742
	0.516
	0.000

	Exchange parameter
	((g)
	((h)
	((I)
	((j)
	((k)
	((l)

	Sweep 1
	0.516
	0.806
	0.419
	0.516
	0.290
	0.419

	Sweep 2
	0.290
	0.871
	0.903
	0.065
	0.065
	0.26


Table 1: Comparison between GA GDE and Traditioanal GDE Workload Distribution

for 2 Consecutive Sweeps
	
	Samples Workload (requests frequency) initialization

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	S1
	5000
	1000
	1000
	400
	15555
	1000
	10
	12
	9000
	30000

	S2
	0
	500
	0
	200
	3215
	5000
	35
	0
	100000
	12000

	S3
	0
	60
	0
	10
	44444
	3500
	2
	3
	60000
	9000

	S4
	0
	900
	0
	30
	6667
	15000
	64
	2
	3000
	45000

	S5
	4000
	1100
	0
	25
	1111
	7000
	11
	48
	22222
	3000

	S6
	0
	400
	0
	100
	5214
	1200
	2
	15
	6541
	4000

	S7
	0
	5000
	0
	0
	15454
	1800
	5
	6
	3014
	78400

	S8
	0
	190
	0
	700
	9564
	1400
	1
	8
	1000
	100000

	S9
	0
	300
	0
	30
	14555
	1900
	1
	33
	8884
	3215

	Total 
	9000
	9450
	1000
	1495
	115779
	37800
	131
	127
	200000
	284615


Table 2: Samples Workload Initialization 

	
	First sweep

(System distance)
	Second sweep

(System distance)
	third sweep

(System distance)
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Sample
	GDE
	GA GDE
	GDE
	GA GDE
	GDE
	GA GDE

	1
	3500.000
	711.770
	968.752
	22.030
	248.047
	1.690

	2
	2740.000
	1300.000
	616.250
	61.360
	149.765
	0.700
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3
	388.890
	107.520
	107.640
	2.310
	27.562
	0.030
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4
	363.055
	26.649
	89.583
	0.681
	22.395
	0.009

	5
	25620.01
	3841.510
	6405.01
	210.427
	1601.25
	4.300
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6
	7900.000
	3832.350
	2181.250
	40.910
	558.204
	0.180

	7
	44.444
	4.484
	12.194
	0.154
	3.116
	0.010

	8
	18.889
	7.767
	2.674
	0.131
	0.584
	0.010

	9
	64988.900
	6015.970
	16247.200
	175.320
	4061.690
	1.850

	10
	96904.500
	54743.300
	21685.800
	1658.620
	5421.460
	17.450


Table 3: System Stability Measurement
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