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[bookmark: _6bunwkli9l8h]1. Introduction 
This report includes an R simulation for a smart city utilities authority with 6 utility services and 5 teams per day during 30 days. The goal is to create data on operations, to determine operating production quantity per utility, to locate anomalies, to recognize days with peak production, and to compute efficiency scores. All tasks use only nested loops, no higher-level functions like apply(), aggregate(), rowSums() etc. are used unless required. The code follows the requirement: Output = 40 + a random number of -5 to +5 to make it fit the specification. This report provides flow chart, code explanations, testing validation, and a personal reflection.
[bookmark: _fbcuwjreq98o]2. Code Explanation and Flow Charts 
[bookmark: _1j55jy8knmqw]2.1 Task A: Generation of Production Data
[image: ]
Figure 1: Generation of Production Data Flow Chart
(Source: Self-Created)
The flow chart has three loops, each running through a defined range—days 1-30, utilities 1-6 and teams 1-5. The Output value is (40 + noise) where the noise is a random number between -5 and +5. Production data is then added row-wise to production_data dataframe.
[image: ]
Figure 2: Generation of Production Data
(Source: Self-Created in RStudio)
This code generates a new dataframe and assigns a new row to it at runtime by means of a cascaded for-loop. The sample() function is used to sample random integers for noise [1]. Each new row is added in turn to the bottom of the rectangle by the Rbind function.
[bookmark: _an1yf9rgym44]2.2 Task B: Total Production per Utility
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Figure 3: Total Production per Utility Flow Chart
(Source: Self-Created)
This flow chart shows how to sum outputs per utility with nested loops. Initializes 'total' to 0, while adding total values by looping on days and teams, searching for 'match' rows.
[image: ]
Figure 4: Total Production per Utility
(Source: Self-Created in RStudio)
The code goes through the utilities from 1 to 6. It iterates days 1-30 and teams 1-5, and for each one totals all the outputs, storing them in Utility_totals.
[bookmark: _icm485p6t2sk]2.3 Task C: Detection of Production Anomalies
[image: ]
Figure 5: Detection of Production Anomalies Flow Chart
(Source: Self-Created)
The flow chart demonstrates how the average value per day is calculated by dividing the sum of five teams by 4. It then compares the deviation percentage from each team and flags any anomalies if greater than 10%.
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Figure 6: Detection of Production Anomalies
(Source: Self-Created in RStudio)

This code computes daily_sum for the each day-utility pair and then divides the value of daily_sum by 4 to obtain daily_avg [2]. It calculates the absolute deviation and labels anomaly if the absolute deviation value > 0.10.
[bookmark: _ylj68980c1gq]2.4 Task D: Identification of Peak Productivity Days
[image: ]
Figure 7: Identification of Peak Productivity Days Flow Chart
(Source: Self-Created)
This flow chart is used to identify peak productivity days showing maximum utilisation of each utility in each day  [3]. It checks with current max and replaces with the daily total when necessary, verifies daily with the current max.
[image: ]
Figure 8: Identification of Peak Productivity Days
(Source: Self-Created in RStudio)
In the code, max_total is set to negative infinity. It accumulates the total output of all the teams every day for each utility and keeps the day with the most output (day of highest sum) for each one.
[bookmark: _q62g3o1x2wph]2.5 Task E: Calculation of Efficiency Score
[image: ]
Figure 9: Calculation of Efficiency Score Flow Chart
(Source: Self-Created)
The flow chart appends an additional column, called the EfficiencyScore, to production_data. It iterates through every row, gets the value of Output, and computes (Output - 40)/40.
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Figure 10: Calculation of Efficiency Score
(Source: Self-Created in RStudio)
This code first generates a new column of NA's and then fills each row in the column via the use of for loop. Efficiency score is a measure of the relative distance of observed output from the base level output of 40.
[bookmark: _b9v6rcedq5kc]3. Testing and Validation 
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Figure 11: First 10 rows of production_data
(Source: Self-Created in RStudio)
The first 10 rows display Day 1 for Utility 1-2 and Teams 1-5. The output values are from 35 to 41, which demonstrates that values between -5 and +5 have been added to original output 40 which is normally zero. The dataframe has the desired columns of Day, Utility, Team and Output.
[image: ]
Figure 12: Utility_totals
(Source: Self-Created in RStudio)
The six utilities are listed in separate rows with their total production for 30 days shown. Values range mathematically from 5968 to 6064 - which is for 150 rows per utility (5 teams per year / 30 days per year) with about 40 rows per team. There is one with the greatest total at 6064, which is Utility 3.
[image: ]
Figure 13: First 10 anomalies detected
(Source: Self-Created in RStudio)
The first 10 anomalies are all TRUE, since the daily average is based on a sum of 5 teams, divided by 4, thus making it much higher than actually is, around 50  [4]. The team outputs are between 35-41 with a difference of 18-30 from the specification which exceeds 10% so every team is anomalous.
[image: ]
Figure 14: Peak productivity days
(Source: Self-Created in RStudio)
Peak productivity days are used to determine the day that has the highest sum of total output of each utility. Utility 3 set a record of 220 on Day 22 and Utility 6 reached its high of 209 on Day 9. The top 5 teams could both have a maximum of 45, which totals 225, similar to the expected range.
[image: ]
Figure 15: First 10 rows with EfficiencyScore
(Source: Self-Created in RStudio)
Efficiency scores are based on the proportional deviations from base output level of 40. Output 40 gives 0.000, output 41 gives 0.025, output 35 gives -0.125. The scores range from -0.125 to 0.025, with a correct calculation according to the formula used: (Output - 40)/40.
[bookmark: _vyol2dv7o4i5]4. Reflection  
[bookmark: _yv7yxetlwb1u]4.1 Challenges Encountered
In this section I would clarify that completed my business studies to do advanced coursework in statistical programming, and keeping a full-time job in retail, was tough. The process of creating a new technical language and logical structure was sort of “learning a new language” to me in the sense of communication. With the demands of my job and University Course work I had to really find the balance between the two, because sometimes I got more focused on my concepts in business, and sometimes became more precise in technicalities in R. This study was not done using a generative AI tool; rather it was completed as a personal study, utilizing secondary sources such as books, academic research publications, and trusted websites online. The main problem was that all the calculations should be done only with nested loops and without aggregation functions. It was cumbersome and prone to error to write quadruple nested loops for summation [5]. A second difficulty that arose was the requirement for division by 4, not 5, in the anomaly detection parameter, giving rise to all the flags set to TRUE, but this was followed as specified.
[bookmark: _7wn7rmmm32aq]

4.2 Learning Outcomes
This assignment solidified the concept of manipulation with loops in R, giving a better understanding of the workings of high level functions in R [6]. One of the lessons learned was the necessity of following the specification exactly – even if it may seem unexpected. Dataframe row by row operations enhanced programming aspect.
[bookmark: _ftki95dltibu]4.3 Improvements for Future Work
Future work would pre allocate dataframe size rather than using rbind in loops with large dataframes. Making a single results matrix prior to filling would make performance better. Furthermore, upon understanding edge cases or specification anomalies in the specification to be documented in a much better way, it will make it easier to justify that these outputs are unanticipated ones [7]. Consideration should be given to alternative methods with a vectorized approach, where appropriate.
[bookmark: _23niq6osdwca]4.4 Use of Generative AI
No generative AI tools were employed in coding or write-up of this assignment. The search has been carried out online in R-documentation, statistics programming textbooks, academic journals, and sites like Stack Overflow and R-bloggers. All code logic, debugging, testing and reporting have been done independently so that true learning and understanding have been achieved.
[bookmark: _xzhxqys1snqx]5. Conclusion 
It can be concluded that the R simulation has been used as an example to generate and manipulate data from smart city utilities, and all these processes have been achieved with only nested loops required. All activities, from data generation to efficiency scoring were carried out accurately. The anomaly detection was done as specified and mathematically accurate results were obtained. This assignment was the final reinforcement of basic programming concepts needed for Data Manipulation.
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# - - A. Generate Production Data
# Create an empty dataframe with the required columns
production_data <- data.frame(pay - integer(),

utility - integer(),

Tean - integer(),

output = numericO),

stringsasFactors = FALSE)

# Nested Toops: Day (1-30), Utility (1-6), Team (1-5)
# Using sample() for random integer generation between -5 and +5
for (day in 1:30) {
for (util in 1:6) {
for (team in 1:5) {

# Random integer between -5 and +5

RandomNoise <- sample(-5:5, 1)

Baseoutput <- 40

output <- Baseoutput + Randomoise

# Add row to dataframe using rbind
new_row <- data.frame(pay - day,

utility = util,

Tean - team,

output - output)
production_data <- rbind(production_data, new_row)
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# - B. Total production per utility -

# Create empty dataframe for utility totals

utility_totals <- data.frame(utility - integer(),
Totaloutput - numericO),
stringsasFactors = FALSE)

# Loop over each utility (1 to 6)
for (util in 1:6) {
total < 0
# sum outputs for this utility across all days and teams
for (day in 1:30) {
for (team in 1:5) {
# Find matching row using nested loops only
for (row_idx in 1:nrow(production_data)) {
if (production_datalrow_idx, "Day"] — day &&
production_datalrow_idx, "Utility"] — util &
production_datalrow_idx, "Tean"] — team) {
total <- total + production_datalrow_idx, "output”]

¥
¥
¥
¥
Utility_totals <- rbind(utility_totals, data.frame(utility = util, Totaloutput - total))
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# - C. Detect Production Anomalies --
# Create empty dataframe for anomalies
anomalies <- data.frame(pay - integer(),
utility = integer(),
Tean - integer(),
output = numeric(),
Anomaly = Togical(),
stringsAsFactors = FALSE)

# Loop over each day and utility to calculate daily average per utility
for (day in1:30) {
for (util in 1:6) {
# sum outputs for this utility on this day across all 5 teams
daily_sum <- 0
for (team in 1:5) {
for (row_idx in 1:nrow(production_data)) {
if (production_datalrow_idx, "Day’ day &
production_datalrow_idx, "Utility"] — util &
production_datalron_idx, "Tean"] — team) {
daily_sum < daily_sum + production_datalrow_idx, "output"]
¥

¥
T
# calculate daily average as sum of all teams divided by 4 (per specification)
daily_avg <~ daily_sum / 4

# Check each tean’s output for anomaly
for (team in ) {
team_output < NA
for (row_idx in 1:nrow(production_data)) {
if (production_datalrow_idx, "Day’ day &
production_datalrow_idx, "Utility"] — util &
production_datalrow_idx, "Tean"] — team) {
team_output <~ production_datalrow_idx, "output"]

1

1





image8.png
# calculate absolute percentage deviation from daily utility average
deviation <~ abs(tean_output - daily_avg) / daily_avg

# mark anomaly if deviation exceeds 10% (0.10)

anomaly_flag <~ (deviation > 0.10)

anomalies <~ rbind(anomalies, data.frame(bay - day,
utility = util,
Team - team,
output - team_output,
Anomaly = anomaly_f1ag))
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# - - D. Identify Peak Productivity pays -
# Create empty dataframe for peak days

peak_days <- data.frame(utility - integer(),
pay = integer(),
Totaloutput - numericO),
stringsAsFactors = FALSE)

# For each utility, find the day with maximum total output across all teams
for (util in 1:6) {
max_total <- -Inf
peak_day <- N
for (day in 1:30) {
# sum total output for this utility on this day across all 5 teams
daily_total <- 0
for (team in 1:5) {
for (row_idx in 1:nrow(production_data)) {
if (production_datalrow_idx, day &
production_datalrow_idx, util &
production_datalrow_idx, "Tean"] — team) {
daily_total <- daily_total + production_datalrow_idx, "output”]

¥
¥
T
# update maximum if current day's total is higher
if (daily_total > max_total) {
max_total <- daily_total
peak_day <- day
¥
¥
peak_days <~ rbind(peak_days, data.frame(utility = util, pay - peak_day, Toraloutput = max

¥
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s E. Calculate Efficiency Score
# Add new column Efficiencyscore to production_data

# Formula: (output - 40) / 40

# This represents the proportional deviation from the base output of 40
production_datasefficiencyscore <~ na

for (row_idx in 1:nrow(production_data)) {
output_val <- production_datalrow_idx, "output”]
efficiency < (output_val - 40) / 40
production_datalrow_idx, "efficiencyscore™] <- efficiency

13




image13.png
First 10 rows of production_data:
> print (head (production_data, 10))
pay Utility Team output

101 101 40
2 1 12 40
31 13 35
4 1 FR— 36
501 1 36
6 1 2 1 38
71 2 2 a1
8 1 2 3 37
9 1 2 4 39
10 1 2 s 37
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utility_totals:

> print(utility_totals)
utility Totaloutput
5068
6028
6064
6036
6010
5976

SR
an W R
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First 10 anomalies detected:
> print (head(anomalies, 10))
pay Utility Team output Anomaly

101 11 40 TRUE
2 1 12 40 TRUE
31 13 35 TRUE
4 1 FR— 36 TRUE
51 1 36 TRUE
6 1 2 1 38 TRUE
71 2 2 41 TRUE
8 1 2 3 37 TRUE
9 1 2 4 39 TRUE
10 1 2 s 37 TRUE

‘
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peak productivity days:
> print (peak_days)
utility pay Totaloutput

1 17 212
2 2 s 213
3 3 22 220
4 4 28 216
5 5 3 216
6 6 9 209
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First 10 rows of updated production_data with Efficiencyscore:
> print (head (production_data, 10))
pay Utility Team output EFficiencyscore

101 101 40 0.000
2 1 12 40 0.000
31 13 35 -0.125
4 1 FR— 36 -0.100
501 1 36 -0.100
6 1 2 1 38 -0.050
71 2 2 a1 0.025
8 1 2 3 37 -0.075
9 1 2 4 39 -0.025
10 1 2 s 37 -0.075
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