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[bookmark: _Toc233218729]Introduction
Programming, data analysis, and producing useful data results or reports on smart city utilities are all part of this project as a whole. There were thirty operational days, six utility services, and five operating teams in the experiment. Instead of utilizing advanced aggregation methods that are provided by R-language that includes functions like aggregate(), apply() or more, the dataset had been entirely generated and analysed from the ground up with the help of nested loops and basic programming techniques [1].
The output formula that has been utilized in this program is as follows:
[Output=40 + (Utility*3) + (Team*2) + RandomNoise]
In the above formula, the factor for RandomNoise has been randomly generated from a value between the values from -5 to +5.
[bookmark: _Toc231681939][bookmark: _Toc233218730]A. Generation of Production Data
The dataframe production_data, which has the columns Day, Utility, Team, and Output, was created using nested loops. This required five teams, six utilities, and thirty days of data generation. When saving the data in the dataframe, random noise between -5 and 5 was introduced to the data creation algorithm [4].
[bookmark: _Toc231681940][bookmark: _Toc233218731]Source Code

[image: ]
[bookmark: _Toc233218757]Figure 1 Task A - Code
[bookmark: _Toc231681941][bookmark: _Toc233218732]Flow Chart
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[bookmark: _Toc233218758]Figure 2  Task A - Flowchart
[bookmark: _Toc231681942][bookmark: _Toc233218733]Testing
The first 10 rows of production_data were displayed to verify correct population.
For Day 1, Utility 1, Team 1 and RandomNoise = -3:
Output = 40 + (1 × 3) + (1 × 2) + (-3)
Output = 42
Similarly, all other values are calculated.
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The manually calculated output was 42, which matched the actual output generated by the program.

[bookmark: _Toc233218734]Final Result
The generated output correctly matched the test data and expected results as can be seen from the screenshot below.
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[bookmark: _Toc233218759]Figure 3 Task A - Output
[bookmark: _Toc231681945][bookmark: _Toc233218735]B. Total Production per Utility
This part of the program has been developed with loops and conditional block statements. This was necessary to iterate over each utility and find the overall or total output production for them. If-Else conditional blocks were needed for matching the total sum output values against the dataframe [3].
The main logic applied here is that while the first loop cycles over each Utility starting from 1 to 6, another loop has been designed to run for each utility, whose purpose is to mainly scan all the rows in the production_data. If the row corresponds to the current utility, in that scenario, the output is added to TotalOutput. The result is saved in the utility_totals dataframe.
[bookmark: _Toc231681946][bookmark: _Toc233218736]Flow chart
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[bookmark: _Toc233218760]Figure 4 Task B - Flowchart
[bookmark: _Toc231681947][bookmark: _Toc233218737]Source Code
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[bookmark: _Toc233218761]Figure 5 Task B - Code

[bookmark: _Toc231681948][bookmark: _Toc233218738]Testing
Totals were manually verified using sample records.
[image: ]
Expected Total:
· For Utility 1, the sample outputs were 42, 52 and 47.
· TotalOutput = 42 + 52 + 47
· TotalOutput = 141
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[bookmark: _Toc233218739]Final Result
Finally, as per the generated output from the program, it can be said that the computed value matched the manual calculation. Also, as insights, it can be seen how the higher utility IDs create larger TotalOutput values. This is clearly depicting how the respective formula that is Utility × 3 is positively affecting the results.
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[bookmark: _Toc233218762]Figure 6 Task B - Output
[bookmark: _Toc231681951][bookmark: _Toc233218740]C. Detection of Production Anomalies
The program has be so built such that to determine the average output for each of these relevant utilities for every entry in the dataframe. By comparing each team member's production to the daily utility average, anomalies have been severely identified through this procedure [5]. An anomaly was identified in the output if the divergence was more than 10% that is denoted by the output of TRUE.
[bookmark: _Toc231681952][bookmark: _Toc233218741]Flow Chart
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[bookmark: _Toc233218763]Figure 7 Task C - Flowchart
[bookmark: _Toc231681953][bookmark: _Toc233218742]Source Code
[image: ]
[bookmark: _Toc233218764]Figure 8 Task C - Code

[bookmark: _Toc231681954][bookmark: _Toc233218743]Testing
Testing has been rigorously used to confirm the totals. This included confirming that greater outputs were produced with higher utility IDs [6]. The outcomes are consistent with research conducted in the actual world.
· For Team Output = 60 and Utility Average = 50:
· Deviation Percentage = (|60 − 50| / 50) × 100
· Deviation Percentage = 20%
· Since 20% is greater than 10%, the record is classified as an anomaly, and hence the output matches as TRUE.

[image: ]
The code as can be seen in the output screenshot below, shows how it has correctly classified the values that were planned in the test table above and are all truly below the 10% threshold. This output is key in highlighting how unusually high or typically low operational outputs can be analysed and treated.
[bookmark: _Toc233218744]Final Result
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[bookmark: _Toc233218765]Figure 9 Task C - Output
[bookmark: _Toc231681957][bookmark: _Toc233218745]D. Identification of Peak Productivity Days
This is a crucial phase, where the peak pdouction day for each utility is determined. The peak_days dataframe is consisted of the associated days and their highest or peak daily totals. The program has been written with the flowchart designed primarily. This puts in a clean plan in place that first adds up the output of each team so as to find the daily total output for their respective utility.
[bookmark: _Toc231681958][bookmark: _Toc233218746]Flow Chart
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[bookmark: _Toc233218766]Figure 10 Task D - Flowchart
[bookmark: _Toc231681959][bookmark: _Toc233218747]Source Code
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[bookmark: _Toc233218767]Figure 11 Task D - Code

[bookmark: _Toc231681960][bookmark: _Toc233218748]Testing
With careful examination, the total of the peaks has been tested and verified in this part. The analysis below makes clear that matching findings are achieved. It's evident that the sixth record generates a peak output of 335. This is in line with the manufacturing recipe requirements.
· For Utility 1, the daily outputs were:
· Day 1 = 260
· Day 2 = 273
· Day 3 = 288
· …
· Day 3 = 335
· Since 260 is the highest value, Day 6 is identified as the peak productivity day.
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[bookmark: _Toc233218749]Final Result
Peak production utilities as utility contribution values rose.
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[bookmark: _Toc233218768]Figure 12 Task D - Output
[bookmark: _Toc231681963][bookmark: _Toc233218750]E. Calculation of Efficiency Score
A new column by the name of EfficiencyScore has been added to production_data. A loop processes each row and calculates using the following formula:
EfficiencyScore = Output/(Utility+Team)
This task’s implementation has been crucial to determine each row's efficiency score. Following the creation of a new column called EfficiencyScore, these scores were then stored into the dataframe.
[bookmark: _Toc231681964][bookmark: _Toc233218751]Flow Chart
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[bookmark: _Toc233218769]Figure 13 Task E - Flowchart
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[bookmark: _Toc233218770]Figure 14 Task E - Code

[bookmark: _Toc231681966][bookmark: _Toc233218753]Testing
The testing approach taken here was to manually calculate the EfficiencyScore for the first 10 records. The expected and actual outcomes were then successfully cross-verified and matched.
These are just estimated values based on manual calculation.
For Day = 1, Utility = 1, Team = 1, and Output = 42:
· EfficiencyScore = Output ÷ (Utility + Team)
· EfficiencyScore = 42 ÷ (1 + 1)
· EfficiencyScore = 42 ÷ 2
· EfficiencyScore = 21
[bookmark: _Toc231681968][image: ]
[bookmark: _Toc233218754]Final Result
The efficiency scores can be seen to have served as a benchmark for comparing performance across teams and utilities. 
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[bookmark: _Toc233218771]Figure 15 Task E - Output
All Test Cases have passed successfully.
[bookmark: _Toc231681973][bookmark: _Toc233218755]Reflection
As a result of completion of this program, completing each of the 5 steps or tasks of data generation and analysis, I may declare that the project has been effectively completed and tested successfully. Using loops, nested loops, conditional statements and more, the simulation effectively generated and assessed operational utility data. The relevant R-programs have been used to address every aspect of this project. This required the development of intricate algorithms and producing aggregation techniques [7]. The project's overall requirements made sure that a variety of programming techniques, that include iterative and conditional blocks, dataframe computation, performance evaluation and evaluation, anomaly detection, and producing final reports through sufficient calculation, were implemented efficiently and further tested. 
During the overall project's planning and development, several phases had to be undergone. This involved the program's conception and development, a number be overcome. Among the numerous, the creation of the program's nested loops portion presented one of the most obvious difficulties. In addition to making sure that the computations and conditions are executed and carried out in the necessary order, this task required correctly organizing the nested loops [8]. Additionally, I encountered several difficulties throughout the project's anomaly detection phase. One of the main actions that I had undertaken was to use unit testing. This is helpful to test each task in isolation. This has been a great addition in this project’s final stages as it helped in testing smaller portions of the code separately and ensure that it was ready for final delivery with correct results.
To make sure that the anomalies are confirmed, I initially took it slow. After that, I made sure that the output for each of the subsequent steps matched the overall anticipated outcomes. I then went ahead and combined all the tasks and their progress in order to create the analytical project, which provided meaningful output in each of its stages. I learned a lot over this process, both theoretically and practically. 
Additionally, I acquired some wholesome knowledge about a variety of testing methods, including both integration and unit testing approaches methods [9]. Also, I made sure these lessons were applied correctly. Debugging and precise code analysis benefited heavily from this next approach of mine. Also, it must be documented how I used an incremental development and testing strategy, in which each stage was first planned, designed using flowcharts and algorithms, coded for development, test cases were generated and finally tested, and any problems noticed, were fixed before going on to the next [10].
To finally end with it must be stated that all test findings may be compared to the expected outcome to establish the project's success. By breaking out the numerous tasks and procedures into multiple functions or methods that are reusable and hence make the program more manageable and robust, I want to increase the program's modularity in further iterations of this project. Furthermore, I want to integrate dynamic visualization and charts or dashboards for users to interact and fetch required information and also to enhance the overall presentation of the program and its output.
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# Task A - Genersts Production Data

# Set seed for reproducibility
set.seed123)

# Base output value
BaseOutpur <- 40

5 # Creste eapty vectors
10 0ay < <O

11 ety < <0

12 Temm < 0

13 output < <O

15 # Generate production data using nested loops
16 for (day in 1:30) ¢

18 for (ueility in 1:6) €

for (ceam in 1:5) ¢

Rendonlioize < sample(-5:5, 1)

Productiondutpue <- Basedutput -
Curility = 3 +
Ccean = 2) -
Randomoise

Day <- c(ay. day)
Utiliy < clbeiliey, ueility)

Tesn < c(Tesn, tean)

Outpus < clOutput, Productiontucput)

# Create production dsta datafrase

production_data <- data.frame(
Day = D2y,

uedtiey = Uedlity,

Tean = Tean,

Output = Output

# Display first 10 rows
Cat("FIRST 10 ROUS OF PRODUCTION DATA\A")
brint(hesa(pracuction_dita, 10))
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# Task B - Total Production per Utility
# Create eapty dataframe
utiliy_totsls < data.franel

[Et e ——
Totaloutput = nuneric()

# Calculate total output for each utility using loops

for (utility in 1:6) €

Totaloutput <- 0

for (4 in 1:nrouCproduction_dsta)) {

4 (production dstasUrilicy[1) == weility) {
Total0utput < TotalOutput + production detasOutpuciil

utility_totals < rbind
wtilicy_totals,
data_tranel
Uilicy = ueiliey,
Totaloutput = Totaloutput
>

S AUTILITY ToTALS\")
princ(utility_totals)




image8.png
utility

Sample Outputs

42,52, 47





image9.png
TotalOutput

1 42+ 52 + 47 =141





image10.png
UTILITY TOTALS
Utility Totaloutput

1 1 7398
2 7766
3 3 8245
4 4 8799
5 5 9216
6 6 9617




image11.png
Creste anomalies

p—

e
H

[ s

s

Set UtityToal -0

-
production_dater

Same Day and Utiity?

o
‘. .

s dd Output o UstyToral.

/

Calculate Usittysverage

fow
production data?

Calculae percentage.
Diterence

Diference - 10 percent?

/
N J/
.

N R

\ e





image12.png
g

ey e

55 %o ey an 1o €
g

- etiegtenas < e -
o [Pty

e - b 5

[ P —

e e st
[t

oy prsscran_saionyiss.
ey promcnin s
= e o s
= el e,





image13.png
Team Output | Utility Average | Deviation % | Anomaly
60 50 20% TRUE
53 50 6% FALSE





image14.png
FIRST 10 ANOWALIES DETECTED
Day Utility Team Output Anomaly

[ 11 e TmE
ER 13 s TRE
s 15 s TRE
1 2 s s TE
5o 3 s e TRE
27 1 5 2 s  TE
a7 2 4 2 = TE
50 2 4 s & TE
s 2 5 1 = TRE
& 3 2 1 & TmE




image15.png
Create peak_days
dataframe

No Yes
| Display peak_days | ’ Set MaxOutput = 0 |

—

Store Utility PeakDay and
MaxOutput

Same Utility and Day?

Yes
Set DailyTotal = 0

Row <= nrow
production_data?

DailyTotal > MaxOutput?

Yes o Yes
Add Output to DailyTotal | | Skip ‘ ‘ Update MaxOutput ‘

Update PeakDay

N

Day = Day + 1





image16.png
# Task D - Identify Peak Productivity Days

# Create pesk_days datafrane
peak_days < data.franeC
Ueilicy = inceger().
Day = integer().
Totsl0utput = nuneric()

# Find pesk day for ssen utility
for (utility in 1:6) €

[
Peakday <- 0

for (day in 1:30) ¢

DeidyToral < 0

for (1 in 1:nrouCproduction_dsta)) {

1 (production dstasurilicyl1]
production datasay(i)

wealicy 5
@) ©

DsilyTotal < DailyTotal ©
production datasOutputli]

5 (DailyToral > laxdutpun) ©
Mextutput < DailyTorsl
Pesiay < day

B

pesk_dayz < rbinal
peak_days.
data_tranel
Uilicy = ueiliey,
Day = Peakday.
Totaloutpue = Maxdutput
>

CHT("\nPEAK PRODUCTIVITY DAYS\A")
print(pesi_days)
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# Task E - Calculate Efficiency Score

# Add EfficiencyScore column
production datasEfficiencyScore <- 0

# Calculate efficiency score using loops.
for (i in 1:nroutproduction_data)) {

production_dataSErticiencyScoreli] <
production_dataSOutput(i) /
(production_datasUeilityli] -
production_dataSTean(i])

CHT("\RFIRST 10 ROUS WITH EFFICIENCY SCORE\A™)
print(hesatpracuction_dita. 10))
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