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I. Introduction 
s missions extend further into space, the modeling and simulation of their every ac-
tion and instruction becomes critical. The greater the distance between Earth and the 
spacecraft, the smaller the window for communication becomes. Therefore, through 

modeling and simulating the planned operations, the most efficient sequence of com-
mands can be sent to the spacecraft. The Space Mission Sequencing Software is being 
developed as the next generation of sequencing software to ensure the most efficient 
communication to interplanetary and deep space mission spacecraft. Aside from efficien-
cy, the software also checks to make sure that communication during a specified time is 
even possible, meaning that there is not a planet or moon preventing reception of a signal 
from Earth or that two opposing commands are being given simultaneously. In this way, 
the software not only models the proposed instructions to the spacecraft, but also vali-
dates the commands as well.  

To ensure that all spacecraft communications are sequenced properly, a timeline 
is used to structure the data. The created timelines are immutable and once data is as-
signed to a timeline, it shall never be deleted nor renamed. This is to prevent the need for 
storing and filing the timelines for use by other programs.  Several types of timelines can 
be created to accommodate different types of communications (activities, measurements, 
commands, states, events). Each of these timeline types requires specific parameters and 
all have options for additional parameters if needed. With so many combinations of pa-
rameters available, the robustness and stability of the software is a necessity.  Therefore a 
baseline must be established to ensure the full functionality of the software and it is here 
where the irreducible tests come into use. 
 

II. Background 
 The Space Mission Sequencing Software has been under development for some 
time. In the past, error checking had been left to a series of critical feature tests and 
helped establish a functioning baseline. With the newest version of the software, these 
tests were no longer adequate to test all of the new features. A new set of tests needed to 
be created in conjunction with the past tests to establish a firmer baseline that could only 
be established once every critical feature had been tested. These new tests would be irre-
ducible, testing only the most critical features. With these requirements, the irreducible 
tests were created. 
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 The ultimate goal of the irreducible tests is to help optimize the Space Mission 
Sequencing Software before its release. By making sure that the most critical features in 
the software are at their optimal functionality and that there are no undiscovered errors in 
the software, the Space Mission Sequencing Software will become a powerful tool in the 
sequencing and verification of spacecraft operations. With the creation of the irreducible 
tests, previously unknown errors were revealed and remnants from previous software ver-
sions were uncovered. Thus the irreducible tests succeeded in discovering and reporting 
software errors. One goal of the irreducible tests was to test every possible combination 
of parameters for any timeline type. By doing this, errors were discovered that only oc-
curred with one specific combination of parameters. Had these irreducible tests not been 
in place, these errors could have been overlooked because of the exacting parameters that 
were necessary for the errors to arise. The tests were also instrumental in discovering 
parts of software that were either obsolete remnants of previous versions or had never 
been upgraded. Many times an error that appeared to have a simple issue (e.g. updating a 
variable name), revealed much larger issues. Conversely, an extremely complex error 
would be caused by something as simple as using the wrong time format for a data type. 
Each error that was discovered could then be reported to the software development team 
for either removal or repair. The irreducible tests succeeded in discovering previously 
unknown errors in the software and facilitating the solutions of the errors.      
 

VI. Discussion 
 While the irreducible tests can be considered a success in the arena of error find-
ing and reporting, the tests were not able to be used to their full extent. The irreducible 
tests were created to be a tool for both debugging and for testing the scalability of the 
software. The tests were created and used for debugging, but the scalability was never 
implemented. Using a program called JMeter, virtual users can be simulated to run the 
irreducible test. Multiple users can be created to simulate virtual machines to stress the 
servers under the pressure of simultaneous access. The tests are ready for virtual use and 
can used in JMeter any time.  
 Aside from the virtual stress testing, the irreducible tests preformed their debug-
ging role to their full capabilities. While the tests were not exercised to their full extent, 
their use as a debugging tool became apparent. In this area, the tests proved to test the 
functionality of the software and provide a stable baseline for the whole.   
 

VII. Conclusion 
 In this paper, it has been shown that the irreducible tests can be used for fault 
finding in the Space Mission Sequencing Software. It has presented that the tests can also 
be used to establish a baseline to keep as many errors as possible from the software. The 
irreducible tests will continue to be created and updated as the software evolves towards 
release. For future implementations, the irreducible tests can be used for simulating virtu-
al users and stress testing the software and server. With the irreducible tests, the software 
now has means of establishing a functioning baseline and a way to test scalability before 
expanding onto the cloud.  
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