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[bookmark: _Toc233201817]TASK 2
[bookmark: _Toc233201818]A. Generation of Production Data
[image: ]
[bookmark: _Toc233201793]Figure 1: Production Data Flow
As per the inspection performed, the flowchart obtained above clearly outlines the complete structured processes, which begins with the initialization of an empty vectors for Day, Utility, Team as well as Output. Followed by that, it progresses with using triple nested loops, that would be iterated for 30 days, 6 utilities, and 5 teams, respectively. 
Output = 40+ (Utility *3) + (Team *2) + RandomNoise
The values being calculated here would then be stored in incremental order in the vector, before production_data dataframe is created. 
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[bookmark: _Toc233201794]Figure 2: Production Data Code
As per the image shown above, the respective logic of production data generation has been applied using c() for appending the values dynamically, within each of the loops, thus ensuring that a total 900 rows of complete data is observed. 
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[bookmark: _Toc233201795]Figure 3: Production Data Output
As it has been highlighted in the output here that the first 10 row of the data sets have been shown. Which helps to confirm that the data set structure and the output values is correct.
Manual Testing for line 1 – 
Output = 40 + (1 × 3) + (1 × 2) + (−3)
      = 40 + 3 + 2 − 3
      = 42
The manual calculation matches with the output. 
[bookmark: _Toc230966169][bookmark: _Toc233201819]B. Total Production per Utility 
This section has been responsible for computing the total output being calculated against each utility services throughout all days and teams, while using a loop-based approach, as it can be explained clearly using the flow-chart shown below:
[image: ]
[bookmark: _Toc233201796]Figure 4: Utility Production Flow Chart
As per the analysis performed, this task would get initiated while initializing certain vectors that would be used for storing UtilityID, as well as their corresponding TotalOutput outcomes. The outer loop seems to be iterating through all of the 06 utilities, while summing up their end-result for every utility being calculating at the end. 
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[bookmark: _Toc233201797]Figure 5: Utility Production Code
Once all of the rows have been processed thoroughly, the final sum calculated would be stored in a completely different vector, designed for storing final output. 
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[bookmark: _Toc233201798]Figure 6: Utility Production Code Results
The output image, which is being shared here, shows the details of a properly arranged summary, which is the total output value for every Utility where successfully calculated.
I have tested this calculation my doing sum of outputs for each utility. 
[bookmark: _Toc233201820]C. Detection of Production Anomalies
The section allows to identify unusual team performance by comparing the production of each team with the average daily output of its utility. 
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[bookmark: _Toc233201799]Figure 7: Anomaly Detection Flow Chart
The flowchart begins from the start, then it moves through every Day and each Utility one by one. Where for every utility on a particular day, first the total production is being calculated. which is being followed by the daily average value. After that, the process check is being performed for every team, which helps to calculate how much each team differs from the average, and it also allows to verify whether the difference is more than 10% or not [4]. If the condition is being met, the record is then marked as TRUE. Otherwise, it is being marked as FALSE. 
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[bookmark: _Toc233201800]Figure 8: Anomaly Detection Code
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[bookmark: _Toc233201801]Figure 9: Anomaly Detection Code
In the code snapshots that are shared here, it shows that the empty vectors are created first for Day, Utility, Team, Output, and Anomaly status. Then it has been highlighted that Nested loops have been run through days 1 to 30 and utilities 1 to 6. Another loop is there which helps to verify the production_data in order to calculate the total of matching records, and the daily average is calculated by dividing the daily_total by five because there are five teams. There is one more loop which allows to check the output for every team, it helps to calculate the deviation by using (current_output - daily_average) / daily_average, 
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[bookmark: _Toc233201802]Figure 10: Anomaly Results Output
The final output highlights that the first TRUE anomalies, which present the unusual production records. 
[bookmark: _Toc233201821]D. Identification of Peak Productivity Days 
This section helps in the process of finding the details for most productive day for every utility service by comparing the total daily output no within the full 30-day simulation period. 
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[bookmark: _Toc233201803]Figure 11: Peak Productivity Flow Chart
As it has been highlighted at the flow chart starts by moving through each Utility, then goes to set max_output to zero before checking all days. For each day, the full output is being calculated by adding the outputs of all teams for the utility. The decision step helps to check if the calculated daily total is more than the present maximum output [6]. If the condition is true, max_output is being updated and the current day is saved as the best_day. If it is not, then the process moves to the next day. 
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[bookmark: _Toc233201804]Figure 12: Peak Productivity Code
It has been highlighted that the R program first creates three empty vectors which are named as PeakUtility, PeakDay, and PeakOutput. A loop has been then run through utilities from 1 to 6, where max_output is being set to -1, and best_day is being set to 0 for every utility. 
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[bookmark: _Toc233201805]Figure 13: Peak Productivity Results Outcomes
[bookmark: _Toc233201822]E. Calculation of Efficiency Score
This part is going to calculate an EfficiencyScore for each production record, where it will be done by creating a new calculated column inside production_data [5]. As per the requirement, the EfficiencyScore is being calculated by dividing output by the total value of Utility and Team together, and then it will show the details of the first 10 modified rows. 
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[bookmark: _Toc233201806]Figure 14: Efficiency Score Process Flow Chart 
As it has been highlighted at the flow chart starts with start and then it creates an empty vector called EfficiencyScore. After that, it goes through each row within the data frame one by one, and it calculates the score by using the formula Output / (Utility + Team), which stores every calculated score, and adds the finish vector as a new column within the data frame. 
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[bookmark: _Toc233201807]Figure 15: Efficiency Score Calculation Code
An empty vector named EfficiencyScore <- c() will be created as the first line of code. Then a for loop, which will process each row of production_data one at a time, will start looping from 1 to nrow(production_data). The score will be calculated by dividing 'production_data$Output[i]' by the sum of both 'production_data$Utility[i]', and 'production_data$Team[i]', and once each score is calculated it will be appended to the empty vector using c(). 
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[bookmark: _Toc233201808]Figure 16: Efficiency Score Results Table
The output which is provided here shows the detail of the existing columns together with the EfficiencyScore values.
Here, manual testing for line 1 is shown below –
EfficiencyScore = Output / (Utility + Team)
                          = 42 / (1+1)
                  = 21
Here, the testing is successful as it matches with the code output. 
[bookmark: _Toc233201823]Reflection
This complete task was a bit difficult because every calculation needs to be done only with loops, without using any kind of built in aggregation function. At first, I found it very tough to work with nested loops and correctly match data frames values. Later, dividing the task into smaller parts has helped me the process of calculating totals, averages, anomalies, and peak outputs much more easily [3]. During this process, I have been able to develop a stronger understanding of how data aggregation functions are able to work internally and my logical thinking abilities within R programming.
Along with all this at the same point of time it is important to consider the fact that this task has significantly helped me to learn how to use loops in R for solving any kind of data problems that 2 step by step. In the beginning of the work, I really found it difficult to understand the nested loops because there were multiple type of challenges and delays as well as utilities and respective teams in the data [2]. Although acknowledging that after breaking the work into multiple small parts it really became easier for me to calculate the total production on an overall basis and then identify the anomalies respectively as well as identifying the peak days and creating the efficiency scores, thereby. I also learned that loops can show how built-in functions work in the background, respectively [1]. The flow charts that have been presented in this research has helped me to understand the overall process even more clearly before writing the code. 
Therefore, on an overall basis it can be stated that this task has multiple lessons for me as an individual and just because it has connected programming and data analysis along with problem solving in a simpler manner the all the lessons that I have obtained from this research I would like to implement them in my future activities also.
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6 # Create empty vectors to store data
7 Day <~ cO

8 utility <= cO

9 Team <- cO

0 output <- cO

1|

2 # Base output value

3 BaseOutput <- 40

14

5 # Nested loops to generate production data
16~ for (d in 1:30) {

17

18- for (u in 1:6) {

9

20 ~ for (t in 1:5) {

1

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

4

5 # Calculate output

6 Currentoutput <- BaseOutput + (u * 3) + (t * 2) + RandomNoise
7

8 # Store values in vectors

9 pay <- c(bay, d)

30 Utility <= c(Utility, u)

31 Team <- c(Team, t)

32 output <- c(output, CurrentOutput)

33 - }

4.}

35+

36

37 # Create dataframe
38 production_data <- data.frame(

39 Day,
10 utility,
11 Team,

12 output
13 )

14
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# Task B - Total Production per Utility

# Create vectors to store totals
UtilityId <- cO
Totaloutput <- cO)

# Loop through each utility
for (u in 1:6) {

utility_sum <~ 0

# Loop through all rows in dataframe
for (i in Ll:nrow(production_data)) {

if (production_datasutility[i] — u) {
utility_sum <~ utility_sum + production_datasoutput[i
¥

3

# Store results

UtilityID <- c(UtilityID, w)

Totaloutput <- c(Totaloutput, utility_sum)
¥

# Create Utility_totals dataframe

utility_totals <- data.frame(
utility = UtilityIp,
Totaloutput = TotalOutput

)

# Display Utility_totals
cat("\nTotal Production per Utility:\i
print(Utility_totals)
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Total Production per Utility:
> print(Utility_totals)
Utility Totaloutput

1 1 7398
2 2 7766
3 3 8245
4 4 8799
5 5 9216
6 6 9617
>
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# Create vectors for anomaly dataframe
Anomalybay <- cO)

AnomalyUtility <- O

AnomalyTeam <~ c()

Anomalyoutput <- c()

AnomalyFlag <~ cO)

# Loop through each day and utility

98 - for (d in 1:30) {

99
00 -
01
02
03
04
05 -
06
07
08 -
09
10
11 -
12 -
13
14
15
16
17
18
19 -
20
21
22~
23
24
25
26
27
28

for (u in 1:6) {

# Calculate total output for current utility and day
daily_total <~ 0

for (i in 1:nrow(production_data)) {

if (production_datasbay[i] — d &&
production_datasutility[i] — u) {

daily_total <~ daily_total + production_datasoutput([i]
¥
¥

# calculate average output for the utility on that day
# (5 teams in total)
daily_average <- daily_total / §

# Check anomalies for each team
for (i in 1:nrow(production_data)) {

if (production_datasbay[i] — d &&
production_datasutility[i] — u) {

current_output <- production_datasoutput[i]

# Calculate deviation percentage

o

deviation <~ abs(current_output - daily_average) / daily_average
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# Mark anomaly if deviation > 10%
if (deviation > 0.10) {
anomaly_status <- TRUE
} else {
anomaly_status <- FALSE
¥

# Store data
Anomalybay <- c(Anomalybay, d)
AnomalyUtility <- c(AnomalyUtility, u)

AnomalyTeam <- c(AnomalyTeam, production_datasTeam[i])

Anomalyoutput <- c(Anomalyoutput, current_output)
AnomalyFlag <- c(AnomalyFlag, anomaly_status)

# Create anomalies dataframe
anomalies <- data.frame(

d

Day = AnomalyDay,
utility = Anomalyutility,
Team = AnomalyTeam,
output = Anomalyoutput,
Anomaly = AnomalyFlag

# Display first 10 detected anomalies
cat("\nFirst 10 Detected Anomalies:\n")

print (head (anomalies [anomalies SAnomaly

= TRUE, 1, 10))

FRun | O
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First 10 Detected Anomalies:
> print(head(anomalies [anomaliesSAnomaly
Day Utility Team Output Anomaly

TRUE, 1, 10))

1 1 1 1 42 TRUE
3 1 1 3 53 TRUE
5 1 1 5 53 TRUE
10 1 2 5 59 TRUE
15 1 3 5 64 TRUE
27 1 6 2 57 TRUE
47 2 4 2 52 TRUE
50 2 4 5 67 TRUE
56 2 6 1 58 TRUE
66 3 2 1 43 TRUE

>
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65 # Create vectors for peak days dataframe
56 Peakutility < cO

67 PeakDay <~ cO)

68 PeakOutput <- c()

59

70 # Loop through each utility

71- for (u in 1:6) {

72

73 max_output <~ -1

74 best_day < 0

75

76 # Loop through each day

77 for (d in 1:30) {

78

79 daily_total <~ 0

80

31 # calculate total output for utility on current day
82.  for (i in l:nrow(production_data)) {

83

34 if (production_datasutility[i]l — u &

35 - production_datasbay[i] — d) {

36

37 daily_total <~ daily_total + production_datasoutput([i]
88 - 3

89 - 3

90

01 # Check for maximum output

02 if (daily_total > max_output) {

03 max_output <~ daily_total

04 best_day <- d

95 ~ 3

96 ~ ¥

97
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# Create peak_days dataframe
peak_days <- data.frame(
utility = peakutility,
Day = PeakDay,
Totaloutput = PeakOutput
)

>
>
>
¥
¥
¥
¥
>
> # Display peak productivity days
> cat("\nPeak Productivity Days:\n")
Peak Productivity Days:

> print(peak_days)

Utility Day Totaloutput

1 1 2 260
2 2 7 273
3 3 13 288
4 4 20 307
5 5 23 322
6 6 27 335
>
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# Task E - Calculate Efficiency Score
# Create empty vector for efficiency scores
EfficiencyScore < cO)

# calculate efficiency score using Toop
- for (i in 1:nrow(production_data)) {

score <~ production_datasoutput[i] /
(production_datasUtility[i] + production_datasTeam[i])

EfficiencyScore <~ c(EfficiencyScore, score)
-3

# Add EfficiencyScore colum to dataframe
production_dataSEfficiencyScore < EfficiencyScore

# Display first 10 rows of updated dataframe
cat("\nUpdated production_data with EfficiencyScore:\n")
print (head (production_data, 10))
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> print(head(production_data, 10))
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