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[bookmark: _Toc233217364]Introduction
This task is for programming analysis and reporting for the smart city utilities data. The major parts of this tasks involved the utilization of programming language constructs perform a through simulation of the operational data for a smart city utilities authority [1]. Five operating teams, six utility services, and thirty operational days were all included in the simulation. In order to achieve this task, the R-programming language has been used. Without utilizing sophisticated aggregation procedures like apply() or aggregate(), the dataset was created completely from scratch using nested loops and fundamental programming structures [5].
The output formula used was:
[Output=40 + (Utility*3) + (Team*2) + RandomNoise]
Here RandomNoise was randomly generated between -5 and +5.
[bookmark: _Toc233217365]A. Generate Production Data
Nested loops were used to generate the dataframe production_data containing the columns Day, Utility, Team, and Output. This involved the creation of data for 30 days, 6 utilities and 5 teams. Random noise in the range of -5 to 5 was added to the data generation formula if storing the data into the dataframe.
[bookmark: _Toc233217366]Source Code

[image: ]
[bookmark: _Toc233217347]Figure 1 Task A Code
[bookmark: _Toc233217367]Flow Chart
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[bookmark: _Toc233217348]Figure 2 Task A Flowchart
[bookmark: _Toc233217368]Testing
The code has been tested with the head(production_data) and nrow(production_data) and the output has correctly produced the records.
[bookmark: _Toc233217369]Expected Output 
For Day = 1, Utility = 1, Team = 1:
Output=40+(1×3)+(1×2)+RandomNoise 
Assuming RandomNoise = -3:
Output=40+3+2−3
Output=42
Based on the calculation, the test case table is created:
(First 10 Rows)
	Day
	Utility
	Team
	Output

	1
	1
	1
	42

	1
	1
	2
	44

	1
	1
	3
	53

	1
	1
	4
	47

	1
	1
	5
	53



[bookmark: _Toc233217370]Actual Output
A total of 900 records were successfully generated.
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[bookmark: _Toc233217349]Figure 3 Task A Output
[bookmark: _Toc233217371]B. Total Production per Utility
The total production for each utility was calculated manually using loops and conditional statements. The loop has been important in iterating through each of the utilities and with the help of conditional logic is used to match the total of the output values from the dataframe [3].
[bookmark: _Toc233217372]Flow chart
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[bookmark: _Toc233217350]Figure 4 Task B Flowchart
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[bookmark: _Toc233217351]Figure 5 Task B Code

[bookmark: _Toc233217374]Testing
The totals were thoroughly tested. This helped to understand as to how the higher utility IDs resulted in substantially larger outputs [9].
[bookmark: _Toc233217375]Expected Output
The running total is calculated as:
TotalOutput=42+44+53+47+53
TotalOutput=239 
Adding all the remaining outputs for Utility:
Final TotalOutput=7398
Based on the calculation, the test case table is created:
	Utility
	TotalOutput

	1
	7398

	2
	7766

	3
	8245

	4
	8799

	5
	9216

	6
	9617



[bookmark: _Toc233217376]Actual Output
The results show that higher utility IDs produced larger outputs due to the formula component (Utility × 3).
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[bookmark: _Toc233217352]Figure 6  Task B Output
[bookmark: _Toc233217377]C. Detect Production Anomalies
For each of the record in the dataframe, code was written to calculate the average output for each of these corresponding utilities. It is through this process, that anomalies have been critically detected by comparing each of the team’s output against the daily utility average [8]. If the deviation exceeded 10%, the output was marked as an anomaly.
[bookmark: _Toc233217378]Flow Chart
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[bookmark: _Toc233217353]Figure 7 Task C Flowchart
[bookmark: _Toc233217379]Source Code
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[bookmark: _Toc233217354]Figure 8 Task C Code

[bookmark: _Toc233217380]Testing
The totals were thoroughly verified through testing. This involved validating how higher utility IDs resulted in larger outputs [2]. The results are in line with real-world studies.

[bookmark: _Toc233217381]Expected Anomalies
Daily utility average:
Average = 42+44+53+47+535 = 47.8 
10% threshold:
10% of 47.8=4.78 
Difference for Team 1:
∣42−47.8∣ = 5.8 
Since:
5.8>4.78 Anomaly = TRUE

Based on the calculation, the test case table is created:
	Day
	Utility
	Team
	Output
	Anomaly

	1
	1
	1
	42
	TRUE

	1
	1
	3
	53
	TRUE

	1
	2
	5
	59
	TRUE



This showcases how to identify unusually high or low operational outputs.
[bookmark: _Toc233217382]Actual Output
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[bookmark: _Toc233217355]Figure 9 Task C Output
[bookmark: _Toc233217383]D. Identify Peak Productivity Days
This code snippet has been written to calculate the peak productivity day for each utility. These were then compared to the maximum values available. The highest daily total and corresponding day were stored in the peak_days dataframe.
[bookmark: _Toc233217384]Flow Chart
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[bookmark: _Toc233217356]Figure 10  Task D Flowchart
[bookmark: _Toc233217385]Source Code
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[bookmark: _Toc233217357]Figure 11 Task D Code

[bookmark: _Toc233217386]Testing
The summation of the peaks have been tested and verified with careful logical testing. As evident from the below analysis, matching results are obtained. The 6th record clearly produces peak output of 335. This matches the production formula expectations.

[bookmark: _Toc233217387]Expected Output
Daily total:
TotalOutput = 63+66+67+69+70 = 335 

	Utility
	Day
	TotalOutput

	1
	2
	260

	2
	7
	273

	3
	13
	288

	4
	20
	307

	5
	23
	322

	6
	27
	335



The program compares this value against all other daily totals for Utility 6.
Since 335 is the highest total found, it is stored in the dataframe.

[bookmark: _Toc233217388]Actual Output
The peak output increased gradually across utilities due to higher utility contribution values.
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[bookmark: _Toc233217358]Figure 12 Task D Output
[bookmark: _Toc233217389]E. Calculate Efficiency Score
EfficiencyScore was calculated for each of the records using the formula:
[ EfficiencyScore = Output/(Utility+Team) ]
This helped to calculate the efficiency score for each of the rows. These scores were then storred within the dataframe after a new column named EfficiencyScore was created.
[bookmark: _Toc233217390]Flow Chart
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[bookmark: _Toc233217359]Figure 13 Task E Flowchart
[bookmark: _Toc233217391]Source Code
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[bookmark: _Toc233217360]Figure 14 Task E Flowchart

[bookmark: _Toc233217392]Testing
Manual calculations of some of the records were done to ensure validation of output. This helped to understand that the results are accurate. For example, 42 / (1 + 1) = 21, which matched the program output exactly. Similarly other such expected results were mapped and then validated against the real output.
[bookmark: _Toc233217393]Expected Output
	Day
	Utility
	Team
	Output
	EfficiencyScore

	1
	1
	1
	42
	21.00

	1
	1
	2
	44
	14.67

	1
	1
	3
	53
	13.25


The efficiency score provided a comparative performance metric across teams and utilities.
[bookmark: _Toc233217394]Actual Output
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[bookmark: _Toc233217361]Figure 15 Task E Output
[bookmark: _Toc233217395]F. Code Presentation, Output and Final Result
The program has been primarily planned with keen adherence to algorithm design and coding standards. Following the planning phase, R-program has been written with proper coding standards and logical operations in place to ensure that each of the features are working correctly when integrated [7]. This has also been indented properly to enhance readability. Meaningful variable names and comments were used throughout the code.
[bookmark: _Toc233217396]Source Code
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[bookmark: _Toc233217362]Figure 16 Task F Code

[bookmark: _Toc233217397]Final Testing
Summary results that have been plotted shows total records, utilities, teams, and days, were used to verify the final product. The result accurately showed 30 days, 6 utilities, 5 teams, and 900 records. This helps to conclude that the project has been completed successfully.
[bookmark: _Toc233217398]Actual Output
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[bookmark: _Toc233217363]Figure 17 Task F Output
[bookmark: _Toc233217399]Reflection
I can hence conclude this project by stating that the programming task has been successfully compiled. All the necessary parts of this project has been addressed using the appropriate R-programs. The simulation successfully produced and evaluated operational utility data with R loops. This project and its requirements ensured that practical implementation is addressing the various concepts of R-programming that includes loops, nested loops, various branch or conditional statements, performance detection and analysis, dataframe computation, detecting anomalies and generating final reports through adequate calculation [6]. This involved the creation of complex algorithms and produce aggregation methods. 
There were several challenges that had to be faced during the design and development of this project or program. Among the many, one of the most noticeable challenges was encountered during the development of the nested loops section of the program. This challenge involved the correct structuring of the nested loops while also ensuring that the calculations and conditions are implemented and executed in the required order. Furthermore, I also faced some challenge during the anomaly detection phase of the project. I had to thoroughly indulge in problem-solving by remodelling the logical sequence of the algorithm in order to achieve and solve this problem. One of the major steps that I took was to test smaller sections of the code individually, that is through an approach of unit testing. I took my time to first ensure that the anomalies are verified. Following this, I also ensured that the output matches the overall expected results for each of the other stages. Then, I proceeded with integrating each of the tasks together to form the entire program. This overall process helped me acquire important knowledge, both in practical and theoretical aspects. I got to learn about various testing techniques including unit and integration techniques. Also, I ensured that these learnings are properly applied. Also, I took an approach of incremental development and testing, where each phase was developed and then tested and issues were resolved before moving onto the next phase. This was helpful in accurate code analysis and debugging.
In future iterations of this project, I would prefer to enhance the modularity of the program by separating the various tasks and operations into several reusable functions and also make the presentation of the output better with the help of data visualizations and interactive dashboards [4].
Finally, the project can be concluded to be successful owing to the verification of all test results against the expected outcome.
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# TASK C - DETECT PRODUCTION ANOMALIES
# Create vectors for anomalies dataframe
anom_day <- c()

anom_utility <- c()

anom_tean < c()

‘anom_output <- c()

anom_status < c()

# Loop through each row
for(i in 1:nrou(production_data))
<

current_day <- production_datasDay[i]
current_utility <- production_datasUtility[i]
current_output <- production_datasOutput[i]

# Calculate daily utility average
total <- 0
count <- @

for(j in 1:nrou(production_data))
<
if(production_datasDay[j] == current_day &&
production_datasUtility[j] == current_utility)

<
total <- total + production_datasOutput[i]
count < count + 1
b2
¥

daily_average <- total / count

# Check anomaly condition
deviation <- abs(current_output - daily_average)

3F(deviation > (0.1 * daily_average))
1
anomaly_value <- TRUE
1
else
1
anomaly_value <- FALSE
3

# Store values
anom_day <- c(anom_day, current_day)
anom_utility <- c(anom_utility, current_utility)
anom_tean <~ c(anom_team, production_datasTeam[i])
‘anom_output <- c(anom_output, current_output)
anom_status <- c(anom_status, anomaly_value)

b

# Create anomalies datafrane

141 > anomalies <- data.frame(

147
145
149
150

)

# Display first 18 anonalies detected
Cat("\NFIRST 10 ANGMALIES DETECTEDAN")

D
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FIRST 10 ANOVALIES DETECTED
> print (head (anonalies [anomalies Sanomaly
Day Utility Team Output Anomaly

TRUE, 1, 10))

11 11 42 TRE
3001 103 53 TRE
501 15 53 TRE
0 1 2 s 55 TRE
501 305 e TRE
27 1 & 2 57 TRE
7 2 4 2 52 TRUE
50 2 4 5 & TRE
56 2 & 1 58 TRUE
I 2 1 a3 TRE
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# TASK D - IDENTIFY PEAK PRODUCTIVITY DAYS
# Create enpty vectors

peak_utility <- c()

peak_day <- c()

peak_total_output <- c()

# Find peak day for each utility
for(u in

<

for(d in 1:30)
<

daily_total <- 0

for(i in 1:nrou(production_data))
<

1F(production_datasUtility[i]

production_datasbay[i] = d)

<
daily_total <- daily_total + production datasOutput[i]
¥
b2

# Check maximum
if(daily_total > max_total)
<

max_total <- daily_total
best_day < d
b2
¥

# Store results
peak_utility <- c(peak_utility, u)
peak_day <- c(peak_day, best_day)
peak_total_output <- c(peak_total_output, max_total)
b

# Create peak_days datafrane
peak_days <- data. Frame(

Utility = peak_utility,

Day = peak_day,

TotalOutput = peak_total_output
)

# Display peak productivity days
cat("\nPEAK PRODUCTIVITY DAYS\n")
print (peak_days)
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PEAK PRODUCTIVITY DAYS
> print (peak_days)
Utility Day Totaloutput

1 12 260
H 2 7 273
3 31 288
4 2 20 307
5 5 23 322
5 & 27 335
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# TASK E - CALCULATE EFFICIENCY SCORE
# Create enpty vector
efficiency_scores <- c()

# Calculate efficiency score using loop
for(i in 1:nrou(production_data))
<

score <- production_datasOutput(i] /
(production_datasUtility[i] + production_datasTean[1])

efficiency_scores <- c(efficiency_scores, score)

b

# Add Efficiencyscore colum
production_dataSEfficiencyScore <- efficiency_scores

# Display First 10 rous of updated dataframe
cat("\nUPDATED production_data WITH EFficiencyScore\n”)
print(head(production_data, 1))
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UPDATED production_data WITH Efficiencyscore
> print (head (production_data, 10))
Day Utility Team Output Efficiencyscore

11 11 a2 21000000
21 12 14.666667
301 13 53 13.250000
: 1 12 a7 5. 200000
501 15 s 5.833333
5 1 2 1 s 17666667
71 2 2 s 12.250000
51 2 3 50 10.000000
s 1 2 2 s 5.000000
0 1 2 s s 5.428571
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# TASK F - CODE PRESENTATION
cat("PROGRAM COVPLETED SUCCESSFULLY\n")

cat("\nTotal Records Generated:", nrow(production_data), "\n")
cat(*Total Utilities:", length(unique(production datasUtility)), "\n")
cat(*Total Teans:", length(unique(production_dataSTeam)), "\n")
cat(*Total Days:", length(unique(production_datasbay)), "\n")
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= cat("\nTotal Records Generated:", nrow(production_data), "\n")

Total Records Generated: 900
> cat("Total Utilities:", length(unique(production_datasutility)), "\n")
Total Utilities: 6

> cat('Total Teams
Total Teams: 5

> cat("Total Days:", length(unique(production_datasbay)), "\n
Total Days: 30

", Tength(unique(production_datasTeam)), "\n")
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# TASK A - GENERATE PRODUCTION DATA

# Set seed for reproducibility
set.seed(123)

# Create enpty vectors
day_list <- c()
utility_list < c()
team 13t < c()
output_List <- c()

# Base output
BaseOutput <- 40

# Use nested loops to generate data
or(day in 1:30)
<
for(utility in 1:6)
<
or(team in 1:5)
<

# Generate random noise between -5 and +5
Randomoise <- sample(-5:5, 1)

# Calculate output
Output <- BaseOutput + (utility * 3) + (team * 2) + Randomdoise

# Store values
day_list < c(day_list, day)

utility list <- c(utility_list, utility)
‘tean_list <- c(tean_list, team)
output_list <- c(output_list, Output)

b2
¥
b

# Create datafrane
production_data <- data.frane(
Day = day_list,
Utility = utility list,
Tean = team list,
Output = output_list
)

# Display first 16 rous
cat("FIRST 16 ROWS OF production_data\n")
print(head(production_data, 18))




image3.png
Iniialize Empty Vectors

Loop Through Days 12030

Loop Through Usilties 1 to

Loop Through Teams 1 05

Cacutste Output





image4.png
> print(head(production_data, 10))
Day Utility Team Output
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# TASK B - TOTAL PRODUCTION PER UTILITY
# Create empty vectors
utility_id <- c()
total_output <- c()
# Calculate total output for each utility using loops
or(u in 1:6)
<
total <- 0

for(i in 1:nrou(production_data))

<
if(production_datasUtility[i] == u)
<
total <- total + production_datasOutput[i]
b
¥

utility id <- c(utility_id, u)
total_output <- c(total_output, total)
b

# Create utility fotals datafrane

utility_totals < data. frane(
Utility = utility_id,
TotalOutput = total_output.

)

# Display utility totals
"\NTOTAL PRODUCTION PER UTILITY\n")
print(utility_totals)
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> print(utility_totals)
Utility Totaloutput
7398
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