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The purpose of this study is to create a cluster
computer to evaluate the performance delta between
a rudimentary cluster computer in comparison to an
individual machine. The main objective is to
demonstrate the feasibility of cluster computing, and
to help convince the Computer and Information
Technology (CIT) Major in the School of Technology to
add a Cluster Computing course. Since this project is a
proof-of-concept, all endeavors were undertaken with
budget in consideration.

For benchmarking, a python script programmed to find all
prime numbers up to 200,000 while concurrently measuring
the elapsed time until the process is complete will be executed.
While this command is running, a watt-meter, attached at the
power source for the machine will be monitored every ten
seconds for the first minute to calculate the average power
usage of the machine in question. The average load power,
peak load power, average idle power, and peak idle power will
also be logged. Additionally, the average elapsed time across
three consecutive runs will be calculated for comparison. This
process will be repeated on a single Raspberry Pi, Raspberry Pi
Cluster, 2016 MacBook Pro 13inch, and the custom computer,
Vaporwave that contains AMD’s multi-threaded hexacore
processor, the Ryzen 5 3600x. Since a single Raspberry Pi was
used as the control, all results in the next section will be in
reference to it.

As hypothesized, the performance of the Raspberry
Pi cluster was quite compelling when considering
the performance that was achieved in comparison to
the competition.

Design
The cluster was designed with a predefined upgrade
path, because more computers can be purchased to
use in conjunction with the current design used for
demonstration. All components were placed on a
pegboard measuring 16” x 16” and secured using
heavy-duty cable ties. The example cluster uses two
Raspberry Pi 4 boards which are connected via an
ethernet switch. Both boards are running a variant of
Linux called Raspbian Lite. This provides the cluster
with 8 physical non-multithreaded processing cores,
and 16GB of ram. On the software side, a hierarchal
approach was used. This means that one node is the
Manager, and the other(s) are workers. To configure
this, the hostnames, roles, and static IP addresses of
all nodes in the cluster must be added to a file on
each machine called the “network table.” The
commands are sent to the manager node via SSH
using Message Passing Interface (MPI) to inform the
machine of what is to be accomplished. Using Python
3, the manager node divides the work among itself
and all workers providing an even workload over all
nodes in the cluster.
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Result

Device

Time

Single Pi
Pi Cluster
MacBook Pro
Vaporwave

808.66
449.59
320.86
160.90

Idle Power
(W)
4.02
7.18
13.06
14.93

Load Power
(W)
5.07
9.28
28.55
15.45

Cost ($)
65
180
2,300
3,000

For reference, it completed task in an average of
808.66 seconds, while consuming 4.02 watts on
average. The cluster completed the workload in 56%
of the time while using 55% more power. The
MacBook Pro 13-inch completed the workload in
40% of the time but consumed the 92% more power
(likely due to battery charging.) Vaporwave
completed the task much faster at 20% of the time
while consuming 77% more power.

Conclusions
The performance of the cluster was surprising as,
although the level of performance could not edge
out the competition, it demonstrates that the idea
of an inexpensive scalable cluster computer is
feasible for compute work, especially when dealing
with number crunching and manipulation.
Additionally, the power consumption of the cluster
was impressive as it was significantly less than the
competition while completing the task in a
reasonable amount of time.
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