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[bookmark: _Toc233205908]A. Generate Production Data 
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[bookmark: _Toc233205919]Figure 1: Production Generation Workflow
The respective flowchart being generated above has been showing how the entire process for generating production data would get initiated. As it will initially be setting desired patterns, while initializing empty vectors. Followed by that, three different nested loops would be executed for 30 days, for 6 utilities and 5 teams [3]. Based on this, random noises would be generated, and the output would be calculated, which will specifically be strong values and displaying the final dataframe. 
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[bookmark: _Toc233205920]Figure 2: Production Data Code
As per analysis, the code executed here shows that it initially would define the n_days, n_utilities, n_teams, as well as base_outout, followed by calculating the total_rows for creating a completely new and empty vectors. 
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[bookmark: _Toc233205921]Figure 3: Production Data Code
Later on, the nested loops would be used for filling out the rows using appropriate formula “40 + (utility *3) + (team *2) + random_noise”, respectively. Later on the row_index would be used for placing authentic values. 
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[bookmark: _Toc233205922]Figure 4: Generated Production Output
As per analysis, the image shows above has been representing the final output which had confirmed that the dataframe is considerably containing proper columns with realistic output values. 
Manual Testing – 
For line 1 –
Output = 40 + (utility *3) + (team *2) + random_noise
            = 40 + (1*3) + (1*2) + (-5)
           = 40
Here, the code is working fine as it is same with manual calculation. 
[bookmark: _Toc233205909]B. Total Production per Utility 
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[bookmark: _Toc233205923]Figure 5: Utility Production Process
Considering the flowchart provided above, it has been representing the entire process associated with calculating total production per utility, for which, initially the total output vector would be initialized. Then each of the rows of the production_data would be used for reading each value, after which the utility number is being identified. Later on, the output values were added to the authentic utility, and hence the utility_totals wold be created and displayed.
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[bookmark: _Toc233205924]Figure 6: Utility Aggregation Code
As per the R-code provided above, it can clearly be seen that the utility_total_output vector has been crated initially with total spaces for 6 utilities [1]. Afterwards, a loop is executed from every row of the production_data. For every row, a unique utility ID would be used for reading the production_data$utility[i], as the output is shown below:
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[bookmark: _Toc233205925]Figure 7: Utility Production Totals
After each row have been processed thoroughly, a dataframe called utility_totals has been created with utility and TotalOutput. Later on, the code is being tested while printing the final table, thus showing the outputs for utilities 1-6, thus confirming that the loop-based outcome is operating fine. 
Manual testing = 
Total Output (For Utility 1) = TotalOutput = 40+46+44+54+57+49+49+54+51+57+46+47+53+55+55+43+50+47+52+57+40+52+52+54+50+48+52+45+47+58+40+50+44+46+51+47+42+49+56+56+40+52+48+51+51+48+51+51+47+54+43+47+49+52+52+46+42+45+48+48+48+49+54+51+52+50+44+45+55+48+45+42+54+55+57+47+49+54+48+57+42+49+52+52+53+48+52+50+47+54+44+46+53+46+49+41+43+44+53+50+50+52+44+47+51+43+51+48+56+56+40+52+49+49+56+41+45+50+55+50+49+42+53+52+56+47+46+49+49+58+49+49+52+52+58+40+51+48+48+48+40+47+46+56+57+40+49+45+56+55 = 7394
Here, the code is working fine as it is same with manual calculation. 
[bookmark: _Toc233205910]C. Detect Production Anomalies 
[image: ]
[bookmark: _Toc233205926]Figure 8: Anomaly Detection Workflow
The respective flowchart being above responsibly shows the process of process for detecting production anomalies, where daily total utilities were built first. Followed by that, the daily average would be calculated, where every production record would be initiated and its deviation would be calculated to check its average. Later on the output with 10% deviation would be marked as anomalies and would be displayed. 
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[bookmark: _Toc233205927]Figure 9: Anomaly Detection Code
The R-code provided above clearly shows the process for creating daily_utility_sum as a 30 by 6 matrix would be used here for storing complete output for every utility considered [2]. Furthermore, a loop would be used for reading all rows of production_data while would be added as an output to the proper day and utility position.  
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[bookmark: _Toc233205928]Figure 10: Detected Anomaly Records
This section helps in the process of calculating percentage deviation which is being found for every record, where it applies the 10% threshold condition, stores anomaly results, creates an anomalies dataframe, and also shows the detected anomaly records.  
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[bookmark: _Toc233205929]Figure 11: Detected Anomaly Records Details
It has been clearly highlighted that all the results have been stored in the anomalies dataframed, and the first 10 detected anomalies have been clearly shown in order to verify that the anomaly detection process is being working in a correct manner [4].
[bookmark: _Toc233205911]D. Identify Peak Productivity Days 
This task focuses on having a detailed identification of the peak productivity day for each utility service. According to the flow chart, the process starts by selecting a utility and then considering day one as the initial peak day [7]. 
[image: ]
[bookmark: _Toc233205930]Figure 12: Peak Productivity Process
As it is been highlighted that two vectors have been created that helps in the process of storing the details of peak day and week output values for all utilities. Where for each utility, the first day’s total output is being assigned as the temporary highest value [6]. The program then helps in the process of comparing this value with the output which is being recorded on every remaining day. 
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[bookmark: _Toc233205931]Figure 13: Peak Day Calculation
The loop is useful in the process of checking these comparisons. Whenever a higher daily output is found, the peak output and peak day value are updated. After all days were analyzed, the final peak value is being stored and combined into the peak_days dataframe.
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[bookmark: _Toc233205932]Figure 14: Peak Productivity Results
The results have been tested by showing the complete data frame, which helps in the process of confirming that the highest production day for each utility has been identified in a correct manner. 
[bookmark: _Toc233205912]E. Calculate Efficiency Score 
This is the final task, and it involves calculating an efficiency score for every production record. The purpose of this calculation is to deliver details for an additional performance indicator, which is based on the relationship between output, utility, and team values [8].
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[bookmark: _Toc233205933]Figure 15: Efficiency Calculation Workflow
An empty vector called efficiency_score has been created before processing starts. The program is then being utilized in a loop to make it ready for every row of the production_data dataframe in an individual manner.
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[bookmark: _Toc233205934]Figure 16: Efficiency Score Code
For each record, the Utility ID and Team ID were obtained. By using the formula: 
Efficiency Score = Output / (Utility + Team)
The efficiency score is being calculated. 
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[bookmark: _Toc233205935]Figure 17: Efficiency Score Results
The calculated score is being then stored within the efficiency_scores vector. Where after all the records were being processed, the vector is getting added to the production_data dataframe as a new column which is being named as efficiency score. 
The results help in the process of confirming that efficiency values is being calculated in a successful manner and attached to the correct records [5]. 
Manual Testing = 
For line 1 – Efficiency Score = 40 (1+1) = 20
Here, the code is working fine as it is same with manual calculation. 
[bookmark: _Toc233205913]Reflection
Looking back at this assignment it actually helped me to learn a lot about how to use loops in R to work with data step by step. To begin with it was not easy for me because I could not use readymade functions to calculate the totals of averages. I had to write down the calculations myself using the loops which actually took a lot of time and efforts fall carefully thinking before coming up with any kind of idea. Another difficulty that I faced during this phase was handling a large amount of data and making sure that every value was stored in the correct place. I learned that using vectors and row numbers has helped me to keep the data organized and easier to manage on an overall basis. The anomaly detection part was also challenging for me because it involved several critical steps. I had to first find out that any totals and then calculate the average values and once all this was done comparing the results obtained was the main task involved and then checking if any values were unusual or not.
By completing this assignment, I have now developed a better understanding relating to LO and vectors as well as matrices and data fames along with simple conditional statements. It also helped me to look at how calculations are performed on an overall basis behind the scenes instead of depending on built-in functions. If I got an opportunity to do such type of work in my academic career again in the future, I would like to spend more time towards checking my results after each and every step which I will perform in the project. And at the same point of time along with all this I will also create some more test cases to make sur,e that the calculations are correct. One of the major learnings that I obtained from completing this work was that even complex task can be completed by breaking down it into smaller steps. And at the same point of time, I also learned the importance of writing clear and organized food so that it is easier to understand later on. Therefore, this entire set of activities include my overall understanding relating to R and increased my confidence in solving programming problems more efficiently.
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# TASK A: Generate Production Data

# pefine simulation parameters

n_days < 30
nutilities < 6
nteams < 5

base_output < 40

# pre-calculate total number of rows: 30 days x 6 utilities x 5 Teams
total_rows <- n_days * n_utilities * n_teams

# Initialise empty vectors to hold each column’s data
# pre-allocating is more efficient than growing a data frame row by row

day_col <~ integer (total_rows)
utility_col < integer (total_rows)
tean_col <~ integer(total_rows)

output_col <~ numeric(total_rows)

# Row index counter — incremented inside the innermost loop
row_index <- 1

# Nested Toops|
for (day in 1:n_days) {
for (utility in 1:n_utilities) {
for (team in 1:n_teams) {

# Generate random noise: one integer uniformly drawn from -5 to +5
randon_noise <- sample(-5:5, size = 1)

# calculate daily output using the specified Formula:
# output = Baseoutput + (UTility x 3) + (Team x 2) + RandomNoise

output_value <~ base_output + (utility * 3) + (team * 2) + random_noise

# store computed values in their respective column vectors

day_co [row_index] < day
utility_col[row_index] <- utility
team_col[row_index]  <- team

output_col[row_index] <- output_value

# advance the row index before the next iteration
row_index <- row_index + 1
1
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# Assenble the four vectors into a single data frame
production_data <~ data.frame(

pay day_col,
utility = utility_col,
Team - team_col,
output = output_col

)

# pisplay the First 10 rows of the production data
cat("=== Task A: First 10 Rows of production_data
print (head (production_data, 10))

cat("\n")
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# TASK B: Total Production per Utility

# Initialise a vector to accumulate the total output for each utility
utility_total_output < numeric(n_utilities)

# Loop over every row of production_data to sum output by utility
for (i in l:nrow(production_data)) {

# Read the utility ID for this row
u < production_datasutility[i]

# Add this row's output to the running total for utility u
utility_total outputlu] < utility_total_output[u] + production_dataSoutput[i]
}

# Build the Utility_totals data frame from the accumulated sums
utility_totals <- data.frame(

utility n_utilities,

Totaloutput = utility_total_output
)

# Display total output per utility

cat(’ Task B: Total Production per Utility
print(Utility_totals)

cat("\n")
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# TASK C: Detect Production Anomalies

# Build a [day x utility] matrix of daily total outputs
# Using the matrix avoids forbidden aggregation functions
daily_utility_sum <- matrix(0, nrow - n_days, ncol - n_utilities)

for (i in L:nrow(production_data)) {

d <~ production_datasbay[i]

u <= production_datasutility[i]

daily_utility_sunld, u] < daily_utility_sum[d, u] + production_dataSoutput[i]
}

# Compute_daily average per utility (sum divided by 4, as specified)
daily_utility_avg <~ matrix(0, nrow - n_days, ncol - n_utilities)

for (d in 1:n_days) {
for (u in 1:n_utilities) {
daily_utility_avg[d, u] <- daily_utility_sumld, ul / 4

}
}
# Populate the anomalies data frame row by row
anom_day < integer(total_rows)
anom_utility <~ integer(total_rows)
anom_team <~ integer(total_rows)

anom_output <~ numeric(total_rows)
anom_flag <~ logical(total_rows)
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- for (i in 1l:nrow(production_data)) {

d <~ production_datasDay[i]
u <~ production_datasutility[i]
t <~ production_data$Team[i]

output <- production_datasoutput[i]
avg < daily_utility_avgld, ul

# Percentage deviation of this team's output from the daily utility average
pct_deviation <- abs(output - avg) / avg

# Anomaly is TRUE when deviation exceeds 10%
is_anomaly <~ pct_deviation > 0.10

# store all values for this row

anom_day[i] < d
anom_utility[i] < u
anom_team(i] < t
anom_output[i] <~ output
anom_flagli] < is_anomaly

.3

# Assemble the anomalies data frame
anomalies <- data.frame(

Day. anom_day,
Utility = anom_utility,
Team anom_team,
output anom_output,
Anomaly = anom_flag

)

# Filter to rows where Anomaly = TRUE and display the first 10
anomaly_rows <- anomalies[anomalies$Anomaly — TRUE, ]

cat(" Task C: First 10 Detected Anomalies ===\n")

print (head (anomaly_rows, 10))

cat(sprintf("Total anomalies detected: %d out of %d records\n\n",
nrow(anomaly_rows), total_rows))
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=== Task C: First 10 Detected Anomalies
> print(head(anomaly_rows, 10))
Day Utility Team Output Anomaly

101 101 40 TRUE

2 1 102 46 TRUE

301 103 44 TRUE

4 1 14 54 TRUE

6 1 2 1 46 TRUE

701 2 2 46 TRUE

8 1 2 3 56 TRUE

9 1 2 4 49 TRUE

11 301 52 TRUE

2 1 32 51 TRUE

> cat(sprintf("Total anomalies detected: %d out of %d records\n\n",
+ nrow(anomaly_rows), total_rows))

Total anomalies detected: 863 out of 900 records

>
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# TASK D: Identify Peak Productivity Days|

# Initialise vectors to store the peak day and peak total output per utility
peak_day_vec < integer(n_utilities)
peak_output_vec <~ numeric(n_utilities)

for (u in 1:n_utilities) {

# start with day 1 as the provisional best for this utility
best day < 1
best_output <~ daily_utility_sun[1, u]

# Scan remaining days, updating the best whenever a higher total is found
for (d in 2:n_days) {
if (daily_utility_sum[d, u] > best_output) {
best_output <- daily_utility_sumld, ul
best_day < d

3
¥

peak_day_vec[u] < best_day
peak_output_vec[u] <~ best_output
}

# Build the peak_days data frame
peak_days <- data.frame(

utility = l:n_utilities,
Day — peak_day_vec,
Totaloutput = peak_output_vec
)
cat("=== Task D: Peak Productivity Day per Utility ===\n")

print(peak_days)
cat("\n")
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Task D: Peak Productivity Day per Utility
print(peak_days)
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# TASK E: Calculate Efficiency Score

# Pre-allocate the efficiency score vector
efficiency_scores <- numeric(total_rows)

for (i in l:nrow(production_data)) {
u < production_datasutility[i]
t <- production_data$Team[1i]

# Efficiency score: actual output divided by (Utility + Team)
efficiency_scores[i] <~ production_datasoutput[i] / (u + t)
}

# Append the new column to production_data
production_datasEfficiencyscore < efficiency_scores

# Display the first 10 rows of the updated data frame
cat("=== Task E: First 10 Rows with EfficiencyScore ===\n")
print(head(production_data, 10))

cat("\n")
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=== Task E: First 10 Rows with EfficiencyScore
> print(head(production_data, 10))
Day Utility Team Output Efficiencyscore

101 101 40 20.000000
21 102 46 15.333333
3001 103 44 11.000000
4 1 14 54 10.800000
5 1 105 57 9.500000
6 1 2 1 46 15.333333
7 01 2 2 46 11.500000
8 1 2 3 56 11.200000
9 1 2 4 49 8.166667
10 1 2 s 58 8.285714

> cat("\n")
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