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[bookmark: _Toc223038333]
Introduction
The ACCA7022 Advanced Statistical Programming assignment I did in the current coursework pertained to the management of alien colony resources in the case of the Alien colony resource management project. This was to generate a simulated data set on the production daily production and subsequently analyse it with loops alone. It was written in the form of the given rules which included not making apply-style functions or writing own functions and it was aimed at constructing the necessary data frames and summaries step by step. Within the framework of this report, I detail how my R code is creating the records of production in 30 sols, 6 stations and 4 teams and how it can be used to calculate the totals of the stations, identify anomalies and calculate an efficiency score. I also describe the process of testing the logic and how the program flow works and what I discovered in the process.
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[bookmark: _Toc223038334]Code Explanation
[bookmark: _Toc222094666][bookmark: _Toc223038335]Task 1A: Generation of Production Data
[bookmark: _Toc223038336]Description
In Task 1A, I wrote all the full production data by myself in three for-loops. Sols to 30, stations to 6, and teams to 4 are visited in the outer, middle and inner loops respectively. Such a structure is used to make sure that all combinations of sol, station and team are represented with only one representation. The initial stage I did was to come up with numeric vectors of Sol, Station, Team, and Output of fixed length 30 x 6 x 4 such that, memory is allocated as the loop begins. Then I employed a row index which goes up by 1 each time the record is inserted and this ensures all the rows are filled in order.
[image: A screenshot of a computer  AI-generated content may be incorrect.]
[image: A screenshot of a computer  AI-generated content may be incorrect.]
[image: A screenshot of a computer  AI-generated content may be incorrect.]
[bookmark: _Toc223038337]Flowchart
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The program logic for Task 1A begins by initialising four numeric vectors (Sol, Station, Team, Output) each of length 720, along with a row_index counter set to 1. Three nested for-loops then traverse every combination of sol (1 to 30 in the outer loop), station (1 to 6 in the middle loop), and team (1 to 4 in the inner loop). Inside the innermost loop, a random integer noise value is drawn from the range -5 to 5. The daily output is then calculated using the formula: daily_output = base_output + (station * 3) + (team * 2) + noise. The sol, station, team, and output values are each stored at position row_index in their respective vectors, and row_index is incremented by 1. After all 720 iterations, the four vectors are combined into the production_data data frame. A histogram and boxplot are generated to visualise the distribution of outputs.
[bookmark: _Toc223038338]Testing and Verification
Task 1A was verified by confirming the production_data data frame contains exactly 720 rows (30 sols x 6 stations x 4 teams). The first 10 rows were printed to the console and manually inspected to confirm that the Sol, Station, and Team values cycle correctly through all combinations. The range of Output values was checked against the formula: with base_output = 50, station multiplier 3, and team multiplier 2, the expected range spans approximately 55 to 87 before noise is applied. The histogram confirmed values fell within this expected band. The boxplot broken down by team ID confirmed that higher team numbers produce higher median outputs, consistent with the formula design.
[bookmark: _Toc222094667][bookmark: _Toc223038339]Task 1B: Total Production per Station
[bookmark: _Toc223038340]Description
When working with Task 1B, it is possible to describe my data frame as stationtotals where two variables were used: Station and TotalOutput. The column Station contained the values that were 1 to 6 and TotalOutput was initially zeros. At this point I ran a loop over all of the rows of productiondata. To read the present station and the present output of each and every row, I read it. I added the output into the total output that the matching station had. The rule applied in this approach is the loop-only rule; since it involves the accumulation of rows instead of an aggregate function.
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[bookmark: _Toc223038341]Flowchart
The program logic for Task 1B begins by creating a station_totals data frame with two columns: Station (values 1 to 6) and TotalOutput (initialised to zero). A single for-loop iterates over every row index from 1 to the total number of rows in production_data. For each iteration, the current station ID and output value are extracted from their respective columns. The loop then identifies the matching row in station_totals by station ID and adds the current output value to its TotalOutput. After all rows are processed, each station’s accumulated total is stored in station_totals. A bar plot and pie chart are generated to display the total output distribution across stations.
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[bookmark: _Toc223038342]Testing and Verification
Task 1B was verified by printing the station_totals data frame and confirming that TotalOutput values increase from Station 1 to Station 6. This pattern is expected because the output formula adds (station * 3) per record, so higher station numbers contribute more to their totals. A cross-check was also performed: the sum of all values in the TotalOutput column of station_totals was compared against the sum of the Output column in production_data. Both totals were confirmed to be equal, validating that all outputs were correctly accumulated. The bar chart visually confirmed this increasing trend across stations.
[bookmark: _Toc222094668][bookmark: _Toc223038343]Task 1C: Detection of Production Anomalies
[bookmark: _Toc223038344]Description
In Task 1C, the objective was to make an alarm call when the output values are above 10 percent of station average values on a daily basis. To accomplish this I had to have the sum total output of each station upon each sol. I developed a matrix referred to as dailysums which had 30 rows and 6 columns with all the values being zero. I then made turns along every row of productiondata. Sol and Station values were taken for each row and the Output added to the cell of the matrix that represented the sol and station. At the end of the loop, there are dailysums which comprised the sum of all the four team outputs at each sol-station pair.
I then made a logical vector anomalyvec of the same length as productiondata such that the value in row i is an indicator in the logical vector whether the row is an anomaly. I also prepared a colour vector to plot, in such a way that the anomalies could be pointed out in red. then I took another loop round through productiondata. In the case of each row, I determined the sol and station, output value, and then determined the daily average of each which was dailysums[sol, station]/4, as there are four teams. Then I determined the upper and lower limits because 10 percent and the 110 percent of the day average. Provided that it fell within those limits, I marked the record a true anomaly and coloured it red but otherwise I marked it a false anomaly and coloured it grey.	
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I utilized the anomaly vector as an additional column in the productiondata after this named Anomaly. Another data frame that I did is the creation of an independent data frame named anomalies which filtered off only the rows in which the value Anomaly is true and retained the necessary columns. I sent the first 10 abnormalities to the console. Lastly, I plotted a scatter plot with x as the index of observation then y as the value of the output and coloured the points based on the anomaly rule. This plot leads to support the assumption that the anomalies are not by chance due to the inaccuracy of the codification, but it is a group of values that are simply non-standard around the daily average of the station.
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[bookmark: _Toc223038345]Flowchart
Task 1C operates in two phases. In the first phase, a 30 x 6 matrix (daily_sums) is initialised with zeros. A for-loop iterates over all rows of production_data, reading the sol and station values for each row, and adds that row’s output to daily_sums[sol, station]. This produces the total output for every sol-station combination. In the second phase, a logical vector (anomaly_vec) and a colour vector (color_vec) are initialised. A second for-loop iterates over all rows again, reads the sol, station, and output for each row, computes the daily average as daily_sums[sol, station] / 4, and calculates lower and upper bounds at 90% and 110% of that average. If the output falls outside these bounds, anomaly_vec is set to TRUE and color_vec to red for that row; otherwise both are set to normal values. The anomaly flag is appended to production_data, and a filtered anomalies data frame is created. A scatter plot colour-codes each record by anomaly status.
[bookmark: _Toc223038346]Testing and Verification
Task 1C was verified by visually inspecting the anomaly scatter plot: flagged points in red appeared as genuine outliers relative to the grey normal data points, not as randomly scattered values across the full dataset. The first 10 detected anomalies were printed to the console and their output values manually compared against the computed daily average to confirm they fell outside the 10% threshold. The proportion of anomalies in the dataset was also checked to ensure it was a plausible figure given the narrow random noise range of -5 to 5, which is small relative to the daily average, resulting in a relatively low anomaly rate consistent with expectations.
[bookmark: _Toc222094669][bookmark: _Toc223038347]Task 1D: Identification of Peak Productivity Days
[bookmark: _Toc223038348]Description
In the case of Task 1D I was to determine the day on which each station was most productive in terms of daily totals in the station. This task was based on dailysums which already contained total output of each station per sol hence the use of dailysums. I generated a blank data frame known as peakdays with columns Station, Sol and TotalOutput. And then I made a tour of 1 to 6 stations. I initialized each station with maxoutput and peaksol and numbered sols in 1 to 30. To compute the total of an individual station each day I used dailysums[sol, station]. In case it exceeded the existing maxoutput, I changed maxoutput and reported the sol as peaksol.
Having crossed all sols of the station, I added a row to the peakdays adding the station number, the sol number of peakday and the peak total output. Peakdays had one row per station after all the stations were processed. I had the output of this in the console to verify. I further made a bar plot of peak total outputs such that the highest levels of performance of each station could be compared. This provides an easy visual overview of the more peaks of daily totals were achieved at the different stations and helps to explain the behaviour of the dataset over time.
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[bookmark: _Toc223038349]Flowchart
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Task 1D uses the daily_sums matrix built in Task 1C. An empty peak_days data frame is created with three columns: Station, Sol, and TotalOutput. An outer for-loop iterates over each station from 1 to 6. For each station, max_output is initialised to -1 and peak_sol to -1. An inner for-loop then iterates over each sol from 1 to 30. The total output for the current sol-station pair is retrieved from daily_sums[sol, station]. If this value is greater than max_output, both max_output and peak_sol are updated to the new values. Once the inner loop completes, a new row is appended to peak_days containing the station number, its peak sol, and the corresponding peak total output. After the outer loop finishes, peak_days holds exactly one row per station. A bar plot is generated to compare peak outputs across stations.
[bookmark: _Toc223038350]Testing and Verification
Task 1D was verified by printing the peak_days data frame and confirming that exactly 6 rows are present, one for each station. The peak total output values were cross-checked by manually scanning the daily_sums matrix columns and confirming that the identified peak values correspond to the maximum entry in each column. Sol numbers recorded in peak_days were also confirmed to fall within the valid range of 1 to 30. The bar chart was examined to confirm that stations with higher IDs show larger peak values, consistent with the station multiplier in the output formula that makes higher-numbered stations inherently more productive.
[bookmark: _Toc222094670][bookmark: _Toc223038351]Task 1E: Calculation of Efficiency Score
[bookmark: _Toc223038352]Description
In performing Task 1E, I used the following formula that is necessary: Output/ Station + Team and applied it to all of the records to compute an efficiency score. I generated numeric efficiencyvec which has a length of the number of rows in productiondata. Then I took each row of productiondata. I read the output value, station ID, and team ID of every row and determined the value of efficiency. I placed the outcome in efficiencyvec on the same index. I joined this loop with this vector to productiondata as a new column called EfficiencyScore.
To ensure that the computation was good, I printed the first 10 rows of the updated productiondata, which entails Sol, Station, Team, Output, Anomaly and EfficiencyScore. I then developed a histogram of the scores of efficiency to demonstrate the overall distribution. Another scatter plot that I formed was output Vs efficiency score. This plot is useful in demonstrating the behavior of the efficiency with respect to the change in output and also indicates the actuality of the idea that the denominator in the formula is increased with the increase in the station and team IDs hence decreasing the scores of the efficiency even with high output.
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[bookmark: _Toc223038353]Flowchart
Task 1E begins by initialising a numeric vector (efficiency_vec) of the same length as the number of rows in production_data. A single for-loop iterates over every row index from 1 to that length. For each row, the output value, station ID, and team ID are extracted from production_data. The efficiency score is then calculated as: EfficiencyScore = Output / (Station + Team). The result is stored at the corresponding position in efficiency_vec. After the loop completes, efficiency_vec is attached to production_data as a new column named EfficiencyScore. The first 10 rows are printed for verification. A histogram of all efficiency scores and a scatter plot of Output vs EfficiencyScore are then generated to visualise the distribution and relationships.
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[bookmark: _Toc223038354]Testing and Verification
Task 1E was verified by printing the first 10 rows of the updated production_data and confirming that the EfficiencyScore column is present and populated with non-zero numeric values. Several rows were spot-checked by manually computing Output / (Station + Team) from the console values and comparing the result to the stored EfficiencyScore; all matched. The histogram confirmed that efficiency scores are spread across a realistic range. The scatter plot of Output vs EfficiencyScore was examined to verify the expected inverse relationship caused by the denominator: even when output is high, records with larger station and team ID values yield lower efficiency scores because the denominator increases with those IDs.
[bookmark: _Toc222094671][bookmark: _Toc223038355]Task 1F: Code Structure and Formatting
In Task 1F, I concentrated on ensuring that the code was clear, readable and consistent. I have divided the script into parts of each work and used distinct section headings in a way that the marker can easily find out where each requirement is realized. I have provided meaningful variables names like totalsols, totalstations, totalteams, baseoutput and productiondata which allows the purpose of any given value to be easily determined. I applied the same consistent indentation on nested loops and aligned the code blocks to the main structure in such a way that it becomes easy to follow the structure. I inserted brief remarks where the key computations are made, particularly where the formula of the output, the formula of the anomaly limits and the formula of performance are used. I also did not change any print blocks, made each task output to have distinct console barriers, and titles, to ensure that the results of the console remain the same as the assessment questions in sequence.


[bookmark: _Toc223038356]Testing and Validation
I tested Task 1A by ensuring that the number of rows that I generated is 720 and I verified that the first 10 rows of my generated records have the desired arrangement of the values of Sol, Station, and Team. I also ensured that a reasonable range of output values occur within the formula and the noise limits and the histogram also made sure that the values are concentrated at the anticipated level. In Task 1B, validating stationtotals was carried out as I ensured that the station totals should grow with the increase in station IDs which in my case should occur due to the fact that higher station numbers add more to the output formula. I also ensured that the total of all the station equals the total of the output column of the entire data sets since they are both the total production only summarised as such.
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[bookmark: _Toc223038357]Reflection
The greatest limitation presented in this coursework was that all of the steps had to be done through the application of loops solely and the use of shortcut functions that would otherwise be utilised in summarising data. This meant that it had to be planned well on how to store and update values particularly dailysums and anomaly detection. The other issue was to ensure the indexing was done properly as nested loops and the indexing of matrices can easily result in errors when the sol or station values have not been filled out properly. I also got to know that pre-allocating vectors and having a clear row index to generate data makes the generation of the data reliable and quicker than the use of objects growing within loops. I also got to know that computing daily station totals using a matrix is a convenient and efficient method that facilitates future activities such as future tipping and peak-day definite choice.
I also learned more about the impact of the small random noise on distributions and the way summary plots could be validated as a tool, and not be presented as such. The histogram and boxplots allowed me to see the fact that the values generated were in the realistic band and that the team effects were in the spread. This was assisted by the anomaly plot so that I could ensure that flagged points appeared as real outliers as against the average of the days. In case of repeated work, I would schedule the testing steps in advance, as I will ensure that I confirm the output of every task before proceeding with the next one. I would give a test data also with a small set of sols and stations that would test a logic and would be run quickly before giving the entire data.
The primary challenge of this coursework was that in this instance, I had to write all the sections in loops and simple logic only. In this project, I would normally summerise data with the help of the functions such as apply or aggregate, but in this case, I had to escape it. This helped me be more mindful on the way data flows in the program and storing results step-by-step. I also got to know that it is important to plan out the structure first and in case data structure is not articulated the loops may be confused and an error is so simple to commit.
Task 1A was a good beginning but still I have to be careful with indexing. I employed a pre-prepared vectors and a row index in such a way the records are recorded in the appropriate location. This allowed me to keep the code slow, and was able to prevent the kind of problems that occur when a data frame grows within a loop. I also found out that a few random noise can alter the pattern, therefore, I had to use plots such as a histogram and boxplot to ensure whether the distribution is sensible. The graphs gave me confirmation to the fact that the output values were as per formula and the difference between the teams would be observed in the spread.
In Task 1B, the largest mark was to learn how to add totals correctly. I was forced to go round each line and insert the outputs to the right station total. This sounds easy but when the match of the station is inaccurate then one is likely to commit an error. The addition of the final station added the increase across the stations which made me ensure that I was getting the station multiplier effect. I also found it more complicated with Task 1C since it required two phases. The first thing I had to do was to construct the daily totals matrix and the second one was to compute the daily average and use the 10 percent rule. I was exposed to the fact that it is easy to test and comprehend the work when it is divided into steps. The red points of the anomaly plot were another useful tool in making sure that the logic was working since the red points did not appear as random results but rather as actual points that were outliers.
Task 1D and Task 1E helped to realize the usefulness of the daily totals matrix. Using the matrix, the maximum value in each of the stations is easily searched to determine peak days. In the case of efficiency score, I realized that the denominator is dependent on the station and team, therefore in some cases the efficiency may reduce despite a high output. This relationship was explained to me by means of the scatter plot of output verses efficiency. Generally, I gained confidence in writing loop-based code as well as my ability to use both tables and graphs to demonstrate the correctness.
Given the chance to repeat the same, I would initially create a smaller test case as it is in this case by having fewer sols and stations and then run the entire dataset through them. I would also ensure the addition of more manual checks at an earlier stage such as a few calculations being performed by hand to verify formulas. The assignment made me appreciate the importance of good code structure, good testing and simple validation plots.
[bookmark: _Toc223038358]Conclusion
This course assignment involved the creation of a complete simulated production dataset and computation using the loop-based programming in R. I used a combination of random noise production data across 30 sols, 6 stations and 4 teams to generate production data to compute output values in the given formula. I then aggregate station-to-station output, identified abnormalities using the 10 percent rule about daily productions in the station, identified days of maximum productivity in each station, and calculated efficiency score on each record. Validation and interpretation of the result were both enabled on the console outputs and the set of graphs. On the whole, the work shows controlled data production, the use of loops in its aggregation, and its logical validation with scrutinizing of the logic with print tables and plots.


[bookmark: _Toc223038359]Appendix: Source Code
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Task 1C: Production Anomaly Detection Algorithm
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Task 1D: Peak Productivity Days Identification
Finding the Sol with maximum daily total output for each of the 6 stations
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