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[bookmark: _Toc222922363]Introduction
This report documents the development and implementation of an Alien Colony Resource Management Simulation using R programming language. The project simulates 30 sols (Martian days) of production operations across 6 resource stations, with each station managing 4 worker teams. The simulation generates 720 data points representing daily output influenced by station efficiency, team performance, and environmental factors.
The primary objective was to demonstrate proficiency in loop-based programming without relying on high level aggregation functions such as apply(), aggregate(), or similar built-in R functions. This constraint required careful implementation of nested loops for data generation, aggregation, and analysis. The report details the methodology, testing procedures, and reflections on the development process.


















[bookmark: _Toc222922364]Part A: Generate Production Data
[bookmark: _Toc222922365]Code Explanation
The data generation component employs a three level nested loop structure to systematically populate the production dataset. The outer loop iterates through 30 sols, the middle loop cycles through 6 stations, and the inner loop processes 4 teams per station. For each iteration, the code calculates output using the formula: Output = BaseOutput + (StationID × TeamID) + RandomNoise, where BaseOutput is fixed at 50 units, and RandomNoise is a random integer between -5 and +5. A row counter variable tracks the current position in the dataframe, incrementing after each team's data is recorded. The use of set.seed(123) ensures reproducibility, allowing identical random sequences across different executions.
[bookmark: _Toc222922366]Flow Chart
[image: ]
Figure 1 Flowchart illustrating the three-level nested loop structure (Sol, Station, Team) used to generate the 30-day colony production dataset, including the application of environmental noise.
[bookmark: _Toc222922367]Testing Methodology
Testing was conducted through multiple verification steps. First, the total row count was confirmed to equal 720 using nrow(production_data). Second, the output range was validated by checking that all values fell within the expected bounds (Station 1, Team 1 should produce approximately 51 ± 5, while Station 6, Team 4 should produce approximately 74 ± 5). Third, the reproducibility was tested by running the code multiple times with the same seed and comparing results.
[bookmark: _Toc222922368]Screenshot Evidence
[image: ]

The screenshot demonstrates successful data generation with appropriate value ranges and correct data structure.







[bookmark: _Toc222922369]Part B: Total Production per Station
[bookmark: _Toc222922370]Code Explanation
This component aggregates production data at the station level. A two-level loop structure is employed: the outer loop iterates through each station (1-6), while the inner loop scans all 720 rows of the production dataset. For each row, a conditional statement checks if the station ID matches the current iteration. If true, the row's output value is added to a running total. This approach effectively filters and sums data without using built-in aggregation functions. The algorithm's time complexity is O(n × m) where n is the number of stations and m is the total number of records. While less efficient than vectorized operations, this manual aggregation demonstrates fundamental loop-based data processing.
[bookmark: _Toc222922371]Flow Chart
[image: ]
Figure 2 Algorithmic flow for calculating the total production output per station. The logic demonstrates data aggregation through manual row-by-row iteration to satisfy the constraint against using high-level R functions.

[bookmark: _Toc222922372]Testing Methodology
Validation involved manual calculation verification for Station 1. With 30 sols and 4 teams, Station 1 should have 120 data points. The expected average output per team ranges from 46 to 56 (base 50 + 1×team ± 5). Therefore, Station 1's total should be approximately 6,120 to 6,720. The generated total of 6,341 falls within this range, confirming accuracy.
[bookmark: _Toc222922373]Screenshot Evidence
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[bookmark: _Toc222922374]Part C: Detect Production Anomalies
[bookmark: _Toc222922375]Code Explanation
Anomaly detection implements a sophisticated three level loop structure with statistical comparison. For each sol and station combination, the algorithm first calculates the daily average output across all four teams. Subsequently, a second loop compares each team's individual output against this average. If the deviation exceeds 10%, the record is flagged as anomalous. The deviation is calculated as: |((TeamOutput - DailyAverage) / DailyAverage)| × 100.
[bookmark: _Toc222922376]Flow Chart
[image: ]
Figure 3 Logic flow for anomaly detection. This illustrates the two-step process of first calculating the daily average output for a station, and subsequently comparing each team's output to flag deviations exceeding 10%.
[bookmark: _Toc222922377]Testing Methodology
Testing focused on edge case validation. Manual calculations were performed for several sol station combinations to verify the anomaly detection logic. The total anomaly counts of 10 across 720 records (1.4%) indicates reasonable random variation, consistent with the ±5 noise range.
[bookmark: _Toc222922378]Screenshot Evidence
[image: ]




















[bookmark: _Toc222922379]Part D: Identify Peak Productivity Days
[bookmark: _Toc222922380]Code Explanation
Peak productivity identification employs a maximum finding algorithm within nested loops. For each station, the code iterates through all 30 sols, calculating the total output for each day by summing contributions from all four teams. A comparison logic tracks the maximum value encountered and its corresponding sol number. The algorithm's correctness relies on proper initialization and conditional updates when larger values are discovered.
[bookmark: _Toc222922381]Flow Chart
[image: ]
Figure 4 Maximum-finding algorithm utilized to identify the specific sol with the highest total productivity for each of the six resource stations.



[bookmark: _Toc222922382]Testing Methodology
Verification involved cross referencing peak values with the production dataset. The peak values show logical consistency: higher numbered stations exhibit greater peak outputs due to the multiplicative formula component.
[bookmark: _Toc222922383]Screenshot Evidence
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[bookmark: _Toc222922384]Part E: Calculate Efficiency Score
[bookmark: _Toc222922385]Code Explanation
The efficiency score calculation transforms absolute output values into percentage based performance metrics. A single loop iterates through all 720 rows, applying the formula: EfficiencyScore = (Output / BaseOutput) × 100. The resulting efficiency scores range from 92% to 158%, with an average of 118.02%.
[bookmark: _Toc222922386]Flow Chart
[image: ]
Figure 5 Process flow for calculating the operational efficiency score. The flowchart details the row-by-row iteration used to apply the formula and append the new metric to the existing production dataset.
[bookmark: _Toc222922387]Testing Methodology
Manual verification was performed on sample rows. The average efficiency of 118.02% was validated by manually calculating and confirming against the programmatic result.
[bookmark: _Toc222922388]Screenshot Evidence
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[bookmark: _Toc222922389]Reflection
[bookmark: _Toc222922390]Challenges Encountered
Honestly, the hardest part was getting my head around why we couldn’t just use the built in functions. At first I kept thinking “this would take two seconds with aggregate()” but that was the whole point, I guess. Part B was where it really hit me, I had to loop through all 720 rows six times just to get totals for each station. It felt painfully slow to write and I kept second guessing myself. My row counter in Part A also gave me grief early on. I’d run the code, get 719 rows instead of 720, and spend ages trying to figure out where I’d messed up the increment.
Part C was the one that properly confused me. I knew I needed to calculate the daily average first, then compare each team against it, but getting the loops in the right order took several attempts. At one point my code was comparing Team 1’s output to the wrong day’s average entirely, the numbers looked reasonable so I didn’t notice until I manually checked one calculation. That taught me to be way more careful about naming my variables so I could actually track what was happening.
[bookmark: _Toc222922391]Key Learning Outcomes
The main thing I took away from this is a much better understanding of what’s actually happening when I use functions like aggregate() or apply(). Before this project, they were kind of a black box to me, I knew what they did but not how. Now I get why they exist: doing this stuff manually is tedious and easy to mess up. I also finally understand why everyone bangs on about initialising variables properly and putting your increments in the right place. Small mistakes in loop setup can completely break everything.
I also got better at testing as the project went on. Early on I was just running the code and hoping the output looked right, which is how I missed that Part C bug. After that I started actually checking things, picking a specific row and calculating what the answer should be by hand, then seeing if my code agreed. It takes longer but it’s worth it. Comments helped too. When I came back to my Part B code after working on Part D, I had no idea what I’d been thinking, so I went back and added proper explanations.
[bookmark: _Toc222922392]Alternative Approaches
If I had to do this again, I’d plan more before diving into the code. I jumped straight into Part A without really thinking about how the later parts would work, which meant I had to go back and restructure things. Drawing out the flowcharts first (instead of after) would have saved me time. I’d also break the code into clearer sections from the start, even though we couldn’t write functions, I could have organised things better with clear separators and comments explaining what each chunk does. 
One thing that would have helped massively is printing stuff out as I went along. When a loop isn’t working and you can’t see what it’s doing, it’s really frustrating. Next time I’d add print statements showing the loop counter, what values are being compared, that sort of thing. It makes debugging so much easier when you can actually see what’s happening instead of just staring at the final output wondering where it went wrong.

[bookmark: _Toc222922393]Conclusion
Overall, I’m glad I did this project even though it was frustrating at times. The “no aggregation functions” rule felt annoying at first but it forced me to actually understand what loops are doing under the hood. I definitely have more respect for R’s built in functions now, they exist for a reason. More importantly, I feel more confident debugging when things go wrong because I understand the basics better. It’s not the most exciting code I’ve ever written, but I learned a lot from doing it the hard way.


















[bookmark: _Toc222922394]Appendix: Summary Statistics
Key statistics from the simulation:
	Metric
	Value

	Total Data Points
	720

	Number of Stations
	6

	Number of Sols
	30

	Teams per Station
	4

	Total Anomalies Detected
	10

	Average Efficiency Score
	118.02%
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