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[bookmark: _Toc222921010][bookmark: _Toc223027320][bookmark: _Toc223028897]Introduction
This report explains how I completed Task 1 (A–F) of the coursework using only loops in R. The main requirement of the assignment was to generate, manipulate, and analyse data without using built-in aggregation functions such as apply(), aggregate(), rowSums(), or any custom functions. This meant that all calculations had to be carried out manually using nested loops and conditional statements.
The task is based on a simulation of an alien colony’s resource production system. The dataset represents 30 Sols (days) of operation, 6 Stations, and 4 Teams working in each station. By combining these values (30 × 6 × 4), a total of 720 rows of production data were generated. Each row contains information about the Sol, Station, Team, and the calculated Output.
The purpose of this report is to explain how each section of the code works, including the logic behind the loops and calculations. Flowcharts are included to visually demonstrate the structure of the solution. The report also explains how each part of the code was testd to ensure accuracy and reliability.
· 

[bookmark: _Toc222921011][bookmark: _Toc223027321][bookmark: _Toc223028898]Task 1A – Generate Production Data
What this task does
This section creates the main dataset using three nested loops.
How it works
I used three for loops:
· Outer loop → Sol (1 to 30)
· Middle loop → Station (1 to 6)
· Inner loop → Team (1 to 4)
For every combination of Sol, Station, and Team, I calculated output using this formula:
Output = 50 + (station × team) + random noise
The random noise was between -5 and 5 to make the data more realistic.
Each time the loop runs, a new row is added to the dataframe.
Because there are:
30 Sols
6 Stations
4 Teams
The total number of rows is 720.
I used nested loops because the assignment clearly says we must use loops only. In normal R programming, I could use faster vectorised methods, but that was not allowed. Writing the code step by step helped me understand exactly how each row of data is created.
How I tested it
· I used nrow(production_data) to confirm there are 720 rows.
· I used head(production_data, 10) to check the first few records.
· I checked that values looked realistic (not too small or too large).

[bookmark: _Toc222921012][bookmark: _Toc223027322][bookmark: _Toc223028899]Flowchart [image: The diagram illustrates a process flow for Task 1A, which involves initializing an empty dataframe, iterating through loops for Sol, Station, and Team, generating random noise, calculating an output, and appending the results to the dataframe, finally ending each loop before completing the task.

AI-generated content may be incorrect.]
[bookmark: _Toc222921013][bookmark: _Toc223027323][bookmark: _Toc223028900]Task 1B – Station Totals
What this task does
This section calculates the total production for each station.
How it works
I used:
· One outer loop for stations (1–6)
· One inner loop that checks every row in the dataset
For each station:
· I set a total variable to 0.
· I checked each row.
· If the station number matches, I added the output to the total.
This repeats for all six stations.
The results are stored in a new dataframe called station_totals.
How I tested it
· I printed the totals.
· I manually checked one station by adding a few rows to see if it matches.
· I confirmed there are 6 results (one per station).








Flowchart – Task 1B
[image: The image depicts a flowchart for a loop that iterates through rows, checks for matches, and accumulates a total.

AI-generated content may be incorrect.]
Figure 2: Flowchart for Task 1B – Station Totals

[bookmark: _Toc222921014][bookmark: _Toc223027324][bookmark: _Toc223028901]Task 1C – Anomaly Detection
What this task does
This section finds unusual outputs.
An output is considered an anomaly if it is more than 10% above or below the daily average.
How it works
For each Sol and Station:
1. I calculated the total output of the 4 teams.
2. I calculated the average:
daily average = total ÷ 4
3. I checked each team’s output.
4. If the difference between the team output and average was more than 10%, I marked it as TRUE.
5. Otherwise, I marked it as FALSE.
One weakness of this anomaly rule is that it always uses 10% as the limit. In real-life data analysis, more advanced methods like standard deviation might be used. However, for this task, the 10% rule is simple, clear, and easy to apply using loops.
This required:
· Loop over Sol
· Loop over Station
· Loop over rows
The results were stored in an anomalies dataframe.
How I tested it
· I checked that anomalies were not 0.
· I checked that not all rows were anomalies.
· I displayed the first 10 TRUE values.
· I manually calculated one example to confirm correctness. 
The number of anomalies was moderate, which shows the logic works properly.




[bookmark: _Toc223027325][bookmark: _Toc223028902]Flowchart Task 1C

[image: The flowchart outlines a process for calculating daily totals and averages, identifying deviations over 10%, and marking them accordingly.

AI-generated content may be incorrect.]
Figure 1:Flowchart for Task 1C – Anomaly Detection Using Nested Loops
[bookmark: _Toc222921015][bookmark: _Toc223027326][bookmark: _Toc223028903]Task 1D – Peak Productivity
What this task does
This section finds the Sol with the highest production for each station.
How it works
For each station:
· I created a variable called max_total and set it to negative infinity. I did this to make sure the comparison always works correctly. This means the first real value will always replace the starting value, which makes the logic safer.
· I looped through all 30 Sols.
· For each Sol, I calculated the daily total.
· If the total was greater than max_total, I updated it.
· I also stored which Sol had that maximum value.
This repeats for all six stations.
The results were saved in peak_days.
How I tested it
· I printed the results.
· I manually checked one station to confirm the maximum was correct.
· I confirmed there are 6 peak results.

[bookmark: _Toc223027327][bookmark: _Toc223028904]Flowchart – Task 1D
[image: The image depicts a flowchart with a loop starting at 'Loop Station (1-6)', setting 'max_total' to zero, iterating through 'Loop Sol (1-30)' to calculate and update 'daily total' and 'max_total' if the total exceeds the previous maximum, and ending the loop when done.

AI-generated content may be incorrect.]

[bookmark: _Toc222921016][bookmark: _Toc223027328][bookmark: _Toc223028905]Task 1E – Efficiency Score
What this task does
This section adds a new column called EfficiencyScore.
Formula
EfficiencyScore = Output ÷ (Station + Team)
How it works
I looped through every row:
· Retrieved Output
· Retrieved Station and Team
· Applied the formula
· Stored the result in a new column
This was done manually without vectorised operations.
How I tested it
· I checked the first 10 rows.
· I manually calculated one row and compared.
· I ensured no division by zero was possible.

[bookmark: _Toc223027329][bookmark: _Toc223028906]Flowchart – Task 1E
[image: The image depicts a flowchart with steps to process data: loop through rows, retrieve output, obtain station, gather team, calculate efficiency score, and store results, ending the process.

AI-generated content may be incorrect.]
Figure 1: Flowchart for calculating EfficiencyScore for each row

[bookmark: _Toc222921017][bookmark: _Toc223027330][bookmark: _Toc223028907]Testing and Validation
I tested my code in several ways:
1. Structure testing
· Confirmed 720 rows
· Confirmed correct number of stations and teams
2. Logical testing
· Manually checked some totals
· Verified anomaly percentage logic
· Checked peak values
3. Output checking
· Used head() to inspect data
· Checked numeric ranges
These tests helped ensure accuracy and correctness. I checked my results step by step instead of only checking the final output. This helped me find small mistakes early and made sure each loop was working correctly.

[bookmark: _Toc222921018][bookmark: _Toc223027331][bookmark: _Toc223028908]Reflection
This assignment helped me improve my understanding of data manipulation using loops in R. One of the main challenges was working without high-level functions such as apply(), aggregate(), rowSums(), or writing my own functions. I usually rely on these functions to calculate totals and averages, so doing everything manually using nested loops required careful thinking and planning.
Managing three nested loops in Task 1A was challenging at first. I had to make sure the indexing variable was updated correctly to avoid missing or overwriting data. When I generated 720 rows (30 × 6 × 4), I checked the structure carefully to confirm that all values were stored correctly. Small mistakes in loop structure or brackets sometimes caused errors, so debugging required patience.
Another challenge was anomaly detection in Task 1C. I needed to calculate the daily station average first and then compare each team’s output against the 10% deviation rule. I tested this by manually checking a few values and confirming that the number of anomalies detected (163) was reasonable. This helped me understand how conditional logic works inside loops.
From this assignment, I learned how data aggregation works internally. Writing the calculations step by step improved my understanding of algorithmic thinking and logical flow. Including testing, such as checking row counts and printing sample outputs, improved the reliability of my results.
If I were to do this again, I would plan the loop structure more clearly using pseudocode before writing the full program. I used generative AI only to improve the clarity and grammar of my written explanations. All programming logic, testing, and debugging were completed independently by me.
Top of Form

Bottom of Form
[bookmark: _Toc222921019][bookmark: _Toc223027332][bookmark: _Toc223028909]Conclusion
This coursework successfully demonstrated how to generate and analyse production data using only loops in R. All required objectives were completed, including generating 720 rows of data, calculating station totals, detecting anomalies, identifying peak productivity days, and computing efficiency scores. By avoiding built-in aggregation functions, I gained a deeper understanding of how loops work and how calculations are performed step by step. This task improved my logical thinking, problem-solving skills, and confidence in structured programming. Overall, the assignment strengthened my understanding of algorithmic thinking and data manipulation using basic programming techniques in R.


[bookmark: _Toc223027333][bookmark: _Toc223028910]Appendix:
[bookmark: _Toc222920995][bookmark: _Toc223027334][bookmark: _Toc223028911]Task 1 – Code Implementation
[bookmark: _Toc222920996][bookmark: _Toc223027335][bookmark: _Toc223028912]Task 1A – Data Generation
[image: The image depicts a segment of R code, specifically a nested loop structure for generating and storing randomized data in vectors.

AI-generated content may be incorrect.]Figure 2: Screenshot 1Figure 1: Implementation of nested for-loops to calculate output and build the production_data dataframe.


Explanation of Task 1A – Data Generation
This section generates the production dataset using three nested loops. First, set.seed(123) ensures that the random values are reproducible. Empty vectors are created to store Sol, Station, Team, and Output values. A counter variable i is used to correctly index each observation.
The outer loop runs from Sol 1 to 30, the middle loop from Station 1 to 6, and the inner loop from Team 1 to 4. For each combination, a random noise value between -5 and 5 is generated. The output is calculated using:
Output = 50 + (Station × Team) + RandomNoise
Each value is stored in the vectors, and the counter increases. After all loops finish, the vectors are combined into the production_data data frame, creating 720 observations (30 × 6 × 4).

[image: The provided text is a snippet of R programming language code that defines a data frame called 'production_data' with four columns: Sol, Station, Team, and Output, and then it shows the first 10 rows of this data frame using the 'head' function.

AI-generated content may be incorrect.]




Figure 2: Construction of the production_data data frame and display of the first 10 rows.

This part of the code creates the final dataset called production_data.
Earlier in the program, four separate lists (vectors) were created to store values for Sol, Station, Team, and Output. After all the loops finished running, each list contained 720 values.
The data.frame() function is used to combine these four lists into one table. Each column represents one variable (Sol, Station, Team, Output), and each row represents one production record.
The command head(production_data, 10) shows the first 10 rows of the table. This helps check that the data has been created correctly and is organised properly.
This step finalises the dataset so it can be used in the next tasks for analysis.


[bookmark: _Toc222920997][bookmark: _Toc223027336][bookmark: _Toc223028913]Task 1B – Screenshot 1 (Loop Logic).
[image: The provided text is a snippet of R code that initializes a numeric vector of size 6, iterates through each element (representing a station), and calculates the total output for each station based on a data frame called `production_data`.

AI-generated content may be incorrect.]
Figure 3:Using nested loops to calculate total output for each station.
This code calculates the total production for each station.
First, station_total <- numeric(6) creates an empty list to store the total output for the six stations.
The outer loop goes through each station one by one. For each station, the variable total is set to 0 to start counting from the beginning.
The inner loop checks every row in the production_data table. If the station number in that row matches the current station, the output value is added to total.
After checking all rows, the final total is saved for that station. This process repeats for all six stations.

[bookmark: _Toc222920998][bookmark: _Toc223027337][bookmark: _Toc223028914]Task 1B – Screenshot 2 
[image: The image depicts a data frame with two columns: 'Station' containing values 1 through 6, and 'TotalOutput' referencing the variable 'station_total'.

AI-generated content may be incorrect.]
Figure 4:Building and displaying the total production per station.
This part of the code creates a new table called station_totals.
The data.frame() function is used to combine two pieces of information:
· Station = 1:6 creates a column for the six stations (1 to 6).
· TotalOutput = station_total adds the total production values that were calculated earlier using loops.
This creates a clear summary table showing the total output for each station.
The line station_totals prints the table in the console so the results can be viewed and checked.
This step organises the totals into a structured format for further analysis.

[bookmark: _Toc222920999][bookmark: _Toc223027338][bookmark: _Toc223028915]Table output
[image: The image displays a list of numerical values, presumably outputs or counts, arranged in a tabular format.

AI-generated content may be incorrect.]
Figure 5:Total production output calculated for each of the six stations.
This table shows the total production output for each station.
Each row represents one station, from Station 1 to Station 6.
The column TotalOutput shows the total amount of production generated by that station across all 30 sols and 4 teams.
For example, Station 1 produced 6341 units in total, while Station 6 produced 7840 units, which is the highest among all stations.
These totals were calculated by adding all the daily outputs for each station using loops. This table summarises the overall production performance of each station.

[bookmark: _Toc222921000][bookmark: _Toc223027339][bookmark: _Toc223028916]Task 1C – Screenshot 1 (Core Logic Only).
[image: The provided text appears to be a snippet of a programming script, specifically a loop in R, which calculates daily total and average production for each station and checks for significant deviations (>10%) in output by team within a given solution (Sol).

AI-generated content may be incorrect.]
Figure 6: Nested loop logic used to calculate daily averages and detect production anomalies.
This code checks for unusual production values (anomalies).
First, the outer loops go through each Sol (1 to 30) and each Station (1 to 6).
For each Sol and Station, the program calculates the total production across the 4 teams. It does this by checking every row in the production_data table and adding the outputs that match the current Sol and Station.
Next, it calculates the daily average by dividing the total by 4 (because there are 4 teams).
Then, the code checks each team’s output for that Sol and Station. It calculates the difference between the team’s output and the daily average.
If the difference is more than 10% of the average, it marks that value as an anomaly (TRUE). Otherwise, it marks it as FALSE.
Finally, the results are stored for later use.

[bookmark: _Toc222921001][bookmark: _Toc223027340][bookmark: _Toc223028917]Task 1C – Screenshot 2 (Output Evidence).
[image: The text appears to be a snippet of R programming code that selects rows from a data frame `anomalies` where the `Anomaly` column is `TRUE`, and then displays the first 10 rows of the resulting subset.

AI-generated content may be incorrect.]
[bookmark: _Toc222921002][bookmark: _Toc223027341][bookmark: _Toc223028918]Printed Table
[image: The provided text appears to be a list of data points or entries, possibly related to a sports team's station output and anomaly status, with numerical values and boolean 'TRUE' indicating the presence of an anomaly.

AI-generated content may be incorrect.]
Figure 7: Example of detected production anomalies where output deviates more than 10% from the daily average.
This table shows some production records that were identified as anomalies.
Each row represents one team’s production on a specific Sol and Station. The columns show the Sol number, Station number, Team number, the Output value, and whether it is an anomaly.
If the value in the Anomaly column is TRUE, it means that the team’s output is more than 10% higher or lower than the daily average for that station.
For example, on Sol 1 at Station 1, Team 3 produced 57 units, which was considered unusual compared to the average for that day.
This table shows only the records that were flagged as unusual production values.

[bookmark: _Toc222921003][bookmark: _Toc223027342][bookmark: _Toc223028919]Task 1D – Screenshot 1 (Max Comparison Logic).
[image: The image shows a segment of a script in a programming language, likely R, which contains a nested loop structure to find the best solution (sol) for each station that maximizes the total output.

AI-generated content may be incorrect.]
Figure 8: Nested loop logic used to identify the peak productivity day for each station.
Explanation of Task 1D – Peak Productivity
This code finds the day (Sol) with the highest total production for each station.
The outer loop goes through each station from 1 to 6. For each station, max_total is set to negative infinity so that any real total will be larger. The variable best_sol is set to 0 to store the Sol number with the highest output.
Inside this loop, another loop runs through all 30 Sols. For each Sol, the code calculates the total production across the 4 teams by checking every row in the production_data data frame and adding the matching outputs.
After calculating the daily total, the code compares it with the current maximum. If the new total is larger, it updates max_total and stores the corresponding Sol.
This process repeats for all stations. The final results are stored in the peak_days data frame.


[bookmark: _Toc222921004][bookmark: _Toc223027343][bookmark: _Toc223028920]Task 1D – Screenshot 2 
[image: The provided text is a snippet of a R programming code snippet, which is used for data manipulation and visualization. It appears to be setting up a data frame named 'peak_days' with columns 'Station', 'Sol', and 'TotalOutput'. It then proceeds to display the content of the 'peak_days' data frame. However, without an actual image to describe, I can only infer that it is related to data analysis in R.

AI-generated content may be incorrect.]
Figure 9:Creation and display of the peak_days data frame showing the highest production Sol for each station.
This part of the code creates a new table called peak_days.
Earlier in the program, the highest total production and the corresponding Sol were calculated for each station. These values were stored in three vectors: peak_station, peak_sol, and peak_total.
The data.frame() function combines these three vectors into one organised table.
· Station shows the station number.
· Sol shows the day with the highest production for that station.
· TotalOutput shows the maximum production value.
The line peak_days prints the table so the results can be viewed.
This step summarises the peak productivity results for all stations in a clear format.

[bookmark: _Toc222921005][bookmark: _Toc223027344][bookmark: _Toc223028921]Task 1D Screenshot 2
[image: The text appears to be a list of station identifiers (1-6) followed by numerical output values (e.g., 1, 16, 222, etc.). It could be a simple representation of data showing the output of different stations or processes, perhaps in a tabular or structured format.

AI-generated content may be incorrect.]
Figure 10: Peak productivity results showing the highest total output Sol for each station.
This table shows the peak productivity results for each station.
Each row represents one station (from Station 1 to Station 6).
The Sol column shows the day when that station had its highest total production.
The TotalOutput column shows the maximum amount of production recorded on that day.
For example, Station 1 produced its highest total output of 222 units on Sol 16.
Station 6 had its highest production of 272 units on Sol 1.
This table summarises the best production day for each station and confirms that the maximum comparison logic worked correctly.

[bookmark: _Toc222921006][bookmark: _Toc223027345][bookmark: _Toc223028922]Task 1E – Screenshot 1 (Loop Logic).
[image: Team.

AI-generated content may be incorrect.]
Figure 11: Loop used to calculate the EfficiencyScore for each production record.
This code calculates an efficiency score for each production record.
First, EfficiencyScore <- numeric(nrow(production_data)) creates an empty list to store the efficiency values. The length of this list is the same as the number of rows in the dataset.
The loop then goes through each row of the production_data table one by one.
For each row, the efficiency score is calculated using the formula:
Output ÷ (Station + Team)
The result is stored in the corresponding position in the EfficiencyScore list.
This process repeats until all rows have been calculated. The efficiency score can then be added to the dataset as a new column.

[bookmark: _Toc222921007][bookmark: _Toc223027346][bookmark: _Toc223028923]Task 1E – Screenshot 2 
[image: The text describes a snippet of SQL code that assigns the variable 'EfficiencyScore' with the value of 'EfficiencyScore', and then it displays the first 10 rows of a table named 'production_data'.

AI-generated content may be incorrect.]
Figure 12: Adding the EfficiencyScore column to the dataset and displaying the updated data.
This code adds the EfficiencyScore values to the main dataset.
[image: EfficiencyScore.

AI-generated content may be incorrect.]The line:
creates a new column called EfficiencyScore inside the production_data data frame. It stores the efficiency values that were calculated earlier.
The command:
[image: The text describes a snippet of SQL code that assigns the variable 'EfficiencyScore' with the value of 'EfficiencyScore', and then it displays the first 10 rows of a table named 'production_data'.

AI-generated content may be incorrect.]
then displays the first 10 rows of the updated dataset. This is done to check that the new column has been added correctly.
This step finalises the dataset by including the efficiency scores for each production record.


[bookmark: _Toc222921008][bookmark: _Toc223027347][bookmark: _Toc223028924]Task 1E: Screenshot (Output)
[image: The image displays a table listing the output efficiency scores of different teams, with each row showing a unique team identifier, the number of players on the team, and their corresponding efficiency score.

AI-generated content may be incorrect.]
Figure 13:First 10 rows of the production_data table including the calculated EfficiencyScore.
This table shows the first 10 rows of the updated production_data dataset.
It includes the original columns: Sol, Station, Team, and Output.
It also includes a new column called EfficiencyScore, which was calculated using the formula:
Output ÷ (Station + Team)
Each row represents one team’s production on a specific Sol and Station.
For example, in the first row, the output is 48 and the EfficiencyScore is 24. This means the output (48) was divided by the sum of Station (1) and Team (1), which equals 2.
This table confirms that the efficiency scores were calculated correctly and successfully added to the dataset.
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# set seed for reproducibility
set.seed(123)

# Create empty vectors to store data
sol <- cO

station <- cO

Team <- cO

output <- cQ

# Counter for indexing

i< 1

for (sol in 1:30) {

for (station in 1:6) {
for (team in 1:4) {

RandomNoise <- sample(-5:5, 1)
out <- 50 + (station * team) + RandomNoise

So1[i] <- sol
Station[i] <- station
Team[i] <- team
output[il <- out
i<+l

} # end team Toop
} # end station Toop
} # end sol Toop « CLOSE ALL LOOPS FIRST
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40 production_data <- data.frame(
41 sol = sol,
42 station = Station,

43 Team = Team,
44 output = Output
45 )

46

47 head(production_data, 10)
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station_total <- numeric(6)
for (s in 1:6) {

total <- 0
for (i in 1l:nrow(production_data)) {
if (production_data$station[i] == s) {
total <- total + production_data$output[il
¥
3

station_total[s] <- total




image10.png
station_totals <- data.frame(
Station = 1:6,
Totaloutput = station_total
)

station_totals
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for (sol in 1:30) {
for (station in 1:6) {

# 1) Daily station total across 4 teams for this Sol + Station
daily_total <- 0
for (i in 1l:nrow(production_data)) {
if (production_data$sol[i] == sol && production_data$station[i] == station) {
daily_total <- daily_total + production_data$output[il
¥
¥

#2) Daily station average (across teams)
daily_avg <~ daily_total / 4

# 3) Check each team output against daily station average (>10% deviation)
for (i in 1l:nrow(production_data)) {
if (production_data$sol[i] == sol && production_data$station[i] == station) {

deviation <~ abs(production_datasoutput[i] - daily_avg)

is_anomaly <- FALSE
if (deviation > (0.10 * daily_avg)) {
is_anomaly <- TRUE

}

asol[k] <- production_data$sol[i]
astation[k] <- production_data$station[i]
aTeam[k] <- production_data$Team[i]
aoutput[k] <- production_datasoutput[i]
aAnomaly[k] <- is_anomaly

k<-k+1
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134 anomalies_detected <- anomalies[anomaliesSAnomaly == TRUE, ]
5 headfanom lies_dstected, 103





image14.png
3

9

12
13
16
20
21
24
28
45

Sol Station Team Output Anomaly

NN R

RO UARWWH

HAarRARRARW

57
53
67
53
69
72
60
77
59
55

TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE




image15.png
for (station in 1:6) {

max_total <- -Inf
best_sol <- 0

for (sol in 1:30) {

# Calculate total output for this Station on this Sol (sum across 4 teams)
daily_total <- 0

for (i in 1l:nrow(production_data)) {
if (production_data$station[i] == station &
production_data$so1[i] == sol) {
daily_total <- daily_total + production_data$output[il
¥
¥

# Check if this is the maximum so far
if (daily_total > max_total) {
max_total <- daily_total
best_sol <~ sol
¥
3
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peak_days <- data.frame(
Station = peak_station,
Sol = peak_sol,
Totaloutput = peak_total
)

# Display peak_days
peak_days
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EfficiencyScore <~ numeric(nrow(production_data))

for (i in 1l:nrow(production_data)) {
Efficiencyscore[i] <- production_data$output[i] /
(production_data$station[i] + production_data$Team[i])
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production_dataSEfficiencyscore <- Efficiencyscore

# Display first 10 rows
head (production_data, 10)
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production_data$EfficiencyScore <- EfficiencyScore
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