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Introduction

Cluster computing consists of taking many computers and combining them into one powerful computing system. The clustering of multiple computers to improve performance has been done since the early 80s. The original clusters were based solely on hardware that was specific to clusters. Today, software-based clusters allow standard computers and ordinary networking equipment to be assembled into highly available and scalable clusters. 
In the world of clusters, high availability refers to the cluster’s ability to deal with a failure. Redundancy allows a cluster to remain operational when hardware failures occur. This does decrease performance slightly, but the reduction is far preferable to the possibility of losing everything the cluster is calculating.

Scalability with clusters means computers in the cluster can be added or removed at any time. In theory, with the adding of extra computers to the cluster, the performance of the cluster will scale linearly. In practice, this is not actually the case due to a small amount of networking overhead, but the system can still realize a significant performance increase with every additional computer added to the cluster. 
Equipment

All clusters consist of three basic pieces of technology: a server, nodes, and networking hub(s). One computer, the server, will be designated as the primary computer for the cluster. The server is responsible for distributing the processes to the cluster. The server is also responsible for controlling the addition and removal of computers to and from the cluster. Each additional computer in the cluster is referred to as a node. Nodes can be added by configuring any computer to look to the server for instructions on start up. The server and nodes are connected to each other by a networking hub. A hub is a basic piece of networking equipment that connects many computers together. Once all the nodes and the server are connected to each other via a hub, the cluster can be formed. 
Methodology

Most clusters operate in one of two different ways: In fail-over clusters, the server will prioritize the nodes. The load will be distributed first to the nodes with the highest priority, and then filter down to the rest of the nodes. Essentially, it will then feed all processes to the first node until it is being fully used. The server will then send processes to the second node, and then to the third and so on. If possible, the first node will be always maintained at maximum capacity. 
In a load-balanced cluster, the server distributes the load to as many nodes as is possible in an attempt to best balance the load. This method has the benefit of utilizing as many nodes as possible. 
Typically, a load-balanced cluster operates faster unless there is a significant difference between the speeds of the individual nodes, such that a fail-over cluster yields better results. For this cluster, the load-balancing method was chosen since the nodes are all homogeneous and the number of processes may grow to be very large when calculating genetic algorithms. 
Implementation
This specific cluster is arranged as follows:
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Figure 1. Diagram of the Cluster.
Server specifications: 

Pentium III 550MHz 
40GB Hard drive
CD-ROM

256 MB RAM


2 Network Interface Cards
Node specifications:

Pentium II 400MHz


No CD-ROM or Hard Drive


256MB RAM


Network Interface Card

There is a CD in the CD-ROM drive on the server that stores the ClusterKnoppix operating system. The server essentially installs the operating system every time the computer is turned on. This is what is known as a live install. Using a live install allows the cluster to be extremely secure because the system can never truly be compromised. In the event of a security breach, restarting the cluster with different security credentials is trivial. 
The nodes are connected through networking hubs to the server. Once the server is started, the nodes can be turned on and added to the cluster. 
There are two ways to access the cluster. A user can be sitting in front of the server (Fig. 1, User 1) and use the cluster directly. The server will appear to the user to be one very fast computer. A user could also access the cluster remotely (Fig. 1, User 2). The server has two network cards specifically so it can connect to both the cluster and the Internet at the same time. This would normally be a security risk, but the server is setup to only accept incoming connections from authorized users. Using a firewall, a network security device, it is possible to allow only certain users remote access to the cluster. When accessing the cluster this way, the cluster still appears to just be one very fast computer. 
The key to the load balancing that occurs on the server, distributing the processes to the nodes, is a software package called OpenMosix. OpenMosix is responsible for ensuring that the cluster operates as efficiently as possible. One key advantage of using this software package is that programs do not need to be written specifically for the cluster. As long as the program is not just a linear process, OpenMosix will send the processes that can be distributed to the available nodes. Any programming language will work as well. Because OpenMosix is not specific to a programming language or type, it is ideal for pre-existing software or other languages like LISP. 

When a new node is added to the cluster, it is simply added to the list of nodes awaiting work. If a node is removed from the cluster, the work the node was doing will be reissued to another node. This ensures that all the processes are finished in the event a node is unexpectedly disconnected. 
Results from the calculations performed by the cluster will be stored on the 40GB hard drive that is located in the server. As an added safety feature, an external storage solution has been implemented to provide a backup of these data. All data will be stored in both locations significantly reducing the risk of data loss.
Genetic Algorithms on Clusters

One of the reasons for building this cluster was to explore using the tremendous power available from such clusters for performing the calculations required in calculating genetic algorithms. 
The server will do recombination and mutation on strings which does not require a lot of computation. Each node in the system will calculate one chromosome, allowing this implementation to work with 58 chromosomes (See Figure 2). 58 matrices (fitness functions) will be calculated (one for each node) and the output files will be written to the hard drive. Once a node writes its output file, the node is to remain idle. However, OpenMosix will not satisfy this constraint on its own, so additional programming is necessary to accommodate this.

The majority of the code will remain on the server. Most of the code is linear and very quick to execute, but the matrix calculations are very computationally intensive. The four functions that will be sent to the nodes comprise the bulk (~80%) of the required calculations. The other functions performed consist only of string manipulation. 
[image: image2.png]Chromosomes in the Genetic Algorithm

Server
VOOV
Node 1 Node 2 Node 3 Node 4 Nstg

Vi

Network




Figure 2. Clustering a Genetic Algorithm

Conclusion
This cluster is similar in many ways to clusters that have been built for other applications, but there are a few key differences. This cluster was designed with a relatively low budget, achieving high performance when compared to equivalent clusters. It was built with genetic algorithms in mind, and using that type of application as a design constraint. It was designed to be quick to start, modular, and extremely scalable in the event it needs to be moved, shutdown, or otherwise interrupted. 
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