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Many institutions have little to no access to parallel computing platforms for in-class computational science or parallel and distributed computing education. Key concepts, motivated by science, are taught more 

effectively and memorably on an actual parallel platform. Oneonta’s  LittleFe is a three  node Beowulf style portable cluster. The entire package weighs less than 50 pounds, travels easily, and sets up in five minutes. 

LittleFe hardware includes multi–core processors and GPGPU capability, which enables support for shared and distributed memory parallelism, GPGPU parallelism, and hybrid models. By leveraging the Bootable 

Cluster CD project, LittleFe is an affordable, powerful, and ready-to-run computational science, parallel programming and distributed computing educational appliance. 
  

Assembling and Using a Parallel Computing 

Cluster System 
 

The project involved the assembly of a portable, low-cost, 

yet fully functional parallel computing platform called 

LittleFe, use of the Bootable Cluster CD (BCCD) and 

different parallel programming environments. The platform 

is a Beowulf style portable computational cluster 

consisting of three dual core motherboards connected via 

an Asus gigabit network switch. One of the three nodes 

serves as the head node, and two serve as worker nodes. 

Software components include a BCCD that is run from a 

Hitachi 2.5 SATA Hard Drive 80GB attached to the head 

node. The BCCD provides an OS environment to explore 

computing concepts such as speedup, scalability, 

efficiency, and load balancing which are supported more 

effectively on a parallel platform than on a single machine. 

The resulted system provides us a setting to explore shared 

memory parallelism Open Multi-Processing (OpenMP), 

distributed memory parallelism Message passing Interface 

(MPI), Open MPI, and General-purpose computing on 

graphics processing units GPGPU parallelism (CUDA). 

 

The Goal  
 

The goal of LittleFe is to provide a portable parallel 

computing cluster that can be utilized in various places 

lacking proper computing resources.  Future work includes 

exploring the performance of adding extra nodes, global 

network configuration, as well as the further investigation 

of parallel applications and implementations of more 

advanced problems.  

 

The Research 
 

Since there has been no similar work done on this campus, 

our project was exploration-based and experimentation-

based. The project was engineering oriented and hands-on 

because it involved hardware integration as well as related 

issues with its execution. Research required us to study 

documents and resources related to assembling the LittleFe 

cluster system and also the implementation of its software. 

After the hardware was assembled we explored how to run 

the BCCD and how to develop and use parallel computing 

software.  We explored SPMD (Program, Multiple Data) 

and distributed memory which allowed us to implement 

parallel software. Successful integration of the BCCD 

allowed us to test different classical parallel algorithms of 

basic computing problems which included array 

summation and matrix multiplication. 
 

 

 

Parallel Sum Algorithm 
 

• The program uses MPI parallelism 

• MPI is a library of routines that can be used to create parallel 

programs 

• The root process (head node) acts as a master and sends a 

portion of the array to each child process (worker node) 

• Each node calculates a partial sum of the array and then each 

partial sum is sent to the head node to compute the total array 

sum 

 

SPMD and Distributed Memory 
 

Distributed memory systems consist of independent computers 

(nodes). Each node runs its own program and communicates 

with the other nodes by sending and receiving messages. 

There is a single head node that is responsible for dividing 

tasks and instructing all other worker nodes. Sections of a 

program are implemented by identical computation on all 

nodes and the result is received by the head node. Messages 

can by sent by a number of communication mechanisms 

including TCP/IP over Ethernet, as well as specialized high 

speed interconnects like Myrinet and Supercomputer 

Interconnection. 

 

  

 

 

Learning Outcomes 
 

Through our research and hands on exploration of the LittleFe system we 

learned about many different aspects of the design and implementation of a 

parallel computing cluster system. We explored trouble shooting procedures in 

order to resolve issues with restrictions of certain hardware components.  

Proper configuration of each motherboard’s settings proved to be a key aspect 

of the hardware installation. It was also necessary to modify the power 

supply’s voltage output in order to produce enough power to each of the 

involved motherboards. We investigated problems such as the effect of RAM 

speed and Bios settings on each motherboard’s performance. Slow RAM speed 

limited the functionality of the motherboards, while faster RAM resolve this 

problem. During the installation of the BCCD we had to liberate the operating 

system from a USB drive onto a hard disk. We explored several software issues 

that effected communication between nodes and networking as well as creating 

and executing parallel programs. We learned basic Linux commands and 

functions in order to explore parallel computation through the BCCD. 

 

Sustainability Effort 
 

While working on the project, we recycled parts from old computers. The parts 

included RAM, a Hard Disk, a monitor, a keyboard,  a mouse and a wireless 

antenna. 
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Figure 1 : Oneonta’s LittleFe System 
Due to the budget limit of our project, we assembled a 3-

node cluster instead of the standard six node cluster for 

less than $1500 
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