[image: ]


Programme : MSc Data and Artificial Intelligence


Module code: ACCA7022
Module: Advanced Statistical Programming

Title: Data Manipulation - Smart City Utilities Operations Simulation


Lecturer: Dr Aliyu Sambo
Student Name:	Hajee Muzahir Sheikdawood
Student ID: 2518747


Table of Contents
Introduction	3
Task 1A: Generate Production Data	3
Task 1B: Total Production per Utility	5
Task 1C: Detect Production Anomalies	7
Task 1D: Identify Peak Productivity Days	9
Task 1E: Efficiency Score	11
Reflection	12
Summary	13
[bookmark: _heading=h.nu5q04x6n7vv]

[bookmark: _heading=h.izukgn17zhrc]Introduction
This report outlines the creation of a fully developed Smart City Utilities Operations Simulation using only R (Talebkhah et al., 2023).The simulation runs 30 days across six utility services, five operational teams, for a total of 900 rows of data. All data manipulation is done via loops – no apply(), rowSums(), etc. 
[bookmark: _heading=h.ll2p67xdl7yr]Task 1A: Generate Production Data
How the code works
The three nested loops are executed in the sequence Day, Utility, Team and all three loops execute 900 times. Sample(-5:5, size=1) returns a random integer in the range from −5 to +5, for each combination. This is added to the formula with 40 + (UtilityID × TeamID) + RandomNoise and the resulting value is written to a preallocated vector at the current row_index, which is incremented following each iteration. Then the four vectors are combined together to form the production_data vector, by using data.frame(). 
[image: ]
Figure 1: Flowchart illustrating the nested loop logic for Task 1A
(Source: Self-made)
Testing
A manual calculation was carried out for this initial row: Day=1, Utility=1, Team=1, to check for correctness. Using the formula results in 40 + (1×1) + noise = 41 ± 5, which means that the Output should be between 36 and 46. 
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Figure 2: First 10 rows of production_data printed in the R console
(Source: R Output)
The first row of production_data is confirmed by the printed output. The same was done for the other two conditions, with Day=1, Utility=1, Team=2, and the output still being the same: 40 + (1×2) + noise = 42 ± 5. 
[bookmark: _heading=h.9x38ya265xty]Task 1B: Total Production per Utility
How the code works
The outer loop goes through each utility (1-6), using a running_total accumulator to be resetted to 0 at each outer loop iteration. On the inner loop, a scan on each row of production_data is made, and an if statement is used to determine if production_data$Utility[i] equals utility. If there is a match, the Output of the match gets added to the running_total. After the inner loop has finished, a total is stored and the final Utility_totals dataframe is built. 
[image: ]
Figure 3: Flowchart illustrating the loop logic for Task 1B
(Source: Self-made)
Testing
The Output values for Utility 1 were then extracted from Figure 2 (the first 10 rows of production_data), to confirm the result. The first 5 rows are all part of Utility 1, Day 1.
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Figure 4: Utility_totals output from the R console
(Source: R Output)
The values of these Outputs were entered and then compared with the TotalOutput for Utility 1 in Utility_totals. If calculated over the entire 30 days, the partial sum from Day 1 is consistent with the sum for the entire day, so the accumulator logic is working as expected.
[bookmark: _heading=h.iyh7webqvu3a]Task 1C: Detect Production Anomalies
How the code works
An inner loop is used for each row i to go through all rows j and sum up daily_sum and daily_count. Daily_sum is the sum over the daily time series, and daily_count is the actual number of teams in the daily time series, and they are divided by one another to get the daily average. Then the deviation abs(Output[i] - daily_avg) / daily_avg is calculated and if it is greater than 0.10 then Anomaly = TRUE, otherwise FALSE will be taken.
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Figure 5: Flowchart illustrating the double loop logic for Task 1C
(Source: Self-made)
Testing
From Figure 2, the Output values for Day 1, Utility 1 in all five teams were determined. All of these were added together then divided by 5 to get the daily average by hand. The difference between each team's output and the average was then found by subtracting and dividing by the average (abs(Output - avg) / avg). 
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Figure 6: First 10 detected anomalies printed in the R console
(Source: R Output)
The team was expected to show up as Anomaly = TRUE in the output if its deviation was more than 0.10. The result was compared with this manual computation and it was found that the anomaly flags are as expected, thus confirming the deviation logic.
[bookmark: _heading=h.8ydjptol5e8m]Task 1D: Identify Peak Productivity Days
How the code works
There are 3 nested loops where the peak day per utility is identified. The outer loop goes through each utility and initializes best_total to -Inf and best_day to NA. The inner loop is used to sum the Utility data for each row to day_total, and the outer loop is used to sum the rows over each day where both the Utility and the Day equal the value. If day_total is greater than best_total, both trackers are updated when completed. The highest value is then saved for this utility. 
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Figure 7: Flowchart illustrating the triple loop logic for Task 1D
(Source: Self-made)
Testing
The values for the output of Utility 1 (rows 1-5, in Figure 2) were manually totaled. This partial total was compared with the equivalent manual total for Day 2 (rows 6-10, with Utility being cycled back to 1). This highest day was supposed to be the day in peak_days.


[image: ]
Figure 8: peak_days output from the R console
(Source: R Output)
You can see this in the Day column of Figure 8 with Utility 1; it's a good sign that this is correct, as it shows that the maximum is correctly identified by the best_total comparison logic.
[bookmark: _heading=h.qaak2ihpwmc5]Task 1E: Efficiency Score
How the code works
One loop is used to process all rows of production_data, using the formula (Output / 40) × 100 and store each value in an efficiency_score vector with the capacity to hold 40 efficiency values (Konstantakos et al., 2022).This represents output as a percentage of some fixed baseline at 40. A score of above 100 means that the team performed above baseline; a score of below 100 means that the team underperformed. Once completed, the EfficiencyScore column is added to the production_data. 
Testing
For the first row in Figure 2 (where Output is 43), the calculation is (43 / 40) x 100 = 107.5. 
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Figure 9: First 10 rows of production_data with EfficiencyScore column printed in the R console
(Source: R Output)
The above expected value is compared with the EfficiencyScore column at the same row in Figure 9. The values are the same, which means that the formula is used consistently throughout the dataframe.
[bookmark: _heading=h.y7tux3bza3k9]Reflection
One of the first problems in this assignment was the requirement that only loops are allowed and not the built-in aggregation functions of R, such as rowSums(), colMeans(), or aggregate(). Without them, a complete rethinking of approach was necessary. The most challenging part was Task 1C where we had to maintain a running sum and also a running count in the inner loop of the program to compute the average of the data for the day. At first, it was thought to divide by a constant number of 5, but this would imply that the structure was fixed and would not withstand varying circumstances. After careful considerations, it was decided that it is more robust to keep track of daily_count dynamically as well, together with daily_sum.
It was a good surprise to have to build each operation from the ground up. Manually created accumulators and index trackers demonstrated the inner workings of these functions that are typically not apparent in the high-level R syntax like mean() and sum(). Nested loops also made people aware of the efficiency of computing. Task 1C is a double loop over 900 rows, which translates to up to 810,000 comparisons (O(n²) operation). Surely this is fine for this scale, but it was noticed this would slow down significantly on larger datasets, hence the need for vectorised functions.
If going back to this, the averages for Task 1C would be computed ahead of time into a table and the inner loop can be removed entirely, thus making the complexity O(n) (Mosqueira-Rey et al., 2023).
This assignment was not created with the assistance of generative AI. Every piece of code is designed, tested and verified individually: each decision about what to do, e.g. using a team count that is variable instead of hard coded, is made on a personal basis and tested iteratively.
[bookmark: _heading=h.xpmq1adbqx4e]Summary
The Smart City Utilities simulation was successfully implemented in R using loops only, and all outputs were checked by hand calculation, while the exercise significantly increased understanding of iterative data processing and the inner workings of aggregating data in R. 
1
14
image5.png
=== Task 1B: Utility_totals ===
> print(Utility_totals)
utility Totaloutput
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> print(head(anomaly_rows, 10))
Day Utility Team Output Anomaly

101 101 36
4 1 14 47
5 1 105 49
6 1 2 1 40
7 01 2 2 40
8 1 2 3 50
10 1 2 5 52
17 1 4 2 44
19 1 4 4 59
20 1 4 5 63
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> print(peak_days)
Utility Day Totaloutput

1 12 230
2 2 27 241
3 317 266
4 4 24 278
5 5 9 287
6 6 4 309
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> print(production_data[1:10, 1)
Day Utility Team Output Efficiencyscore

101 101 36 90.0
21 102 41 102.5
3001 103 38 95.0
4 1 14 47 117.5
5 1 105 49 122.5
6 1 2 1 40 100.0
7 01 2 2 40 100.0
8 1 2 3 50 125.0
9 1 2 4 43 107.5
10 1 2 s 52 130.0
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> print(production_data[1:10, 1)
Day Utility Team Output
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