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[bookmark: _Toc233285287]1. Introduction

The R code created for Task 1 of the ACCA7022 Data Manipulation assignment is detailed in this report. Six utility services—Water Supply, Food Distribution, Energy Grid, Air Quality Control, Construction Materials, and Public Health Supplies—managed by five teams over a 30-day period are modeled in the simulation. The code is divided into five sections (Parts A–E) and was written entirely in loops, without the use of high-level aggregating functions. This report outlines testing and verification, provides a flowchart, and explains the logic for each section.

[bookmark: _Toc233285288]2. Part A – Generate Production Data

[bookmark: _Toc233285289]2.1 Code Logic and Approach

Production_data, a 900-row data frame containing every possible combination of 30 days, 6 utilities, and 5 teams (30 × 6 × 5 = 900 observations), is created in Part A. For every combination of day, utility, and team, three nested for loops are iterated through. In order to reduce memory reallocation during iteration, four vectors (day_col, utility_col, team_col, and output_col) are pre-allocated to a length of 900. A row_index counter makes sure that every observation is written exactly once to the right location.

The formula produces output values. Output is equal to BaseOutput + (UtilityID × TeamID) + RandomNoise, with BaseOutput being 40 and RandomNoise being a randomly selected number between -5 and 5. Following each iteration, data is used to merge the four vectors.frame() to produce the finished production_data dataset.
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2.2 Flowchart – Part A
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[bookmark: _Toc233285291]2.3 Testing
For reproducibility, set.seed(42) was used. For Day=1, Utility=1, Team=1 the calculation gives 40 + 1 + noise = 41 ± 5; row 1 was physically validated to fall within this range. Both nrow(production_data) == 900 and ncol() == 4 returned TRUE; sum(is.na(production_data)) returned 0.
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3. Part B – Total Production per Utility

[bookmark: _Toc233285293]3.1 Code Logic and Approach
Utilities 1–6 are iterated over by an outside loop. Every row in production_data is scanned by an inner loop, and its output is added to a running_total accumulator (initialized to 0) when a row's Utility matches the current utility. Utility and TotalOutput columns in Utility_totals are used to store the results.
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[bookmark: _Toc233285295]3.3 Testing
The projected total over 150 rows ≈ 6,450 for Utility 1 is 40 + (1 × mean team 1–5) = 43. The accumulator was confirmed by the computed total, which was close with minor random variances. Cross-validation: row-by-row, sum(Utility_totals$TotalOutput) matched the total of production_data$Output; the difference was zero.
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[bookmark: _Toc233285297]4.1 Code Logic and Approach
The code performs two rounds for each pair of (Day, Utility): first, it sums the outputs and determines daily_avg = sum / 4 (as stated); second, it flags each team using abs(output − daily_avg) / daily_avg > 0.10. The anomaly records are kept in line with production_data via pre-allocated vectors.
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[image: ]
[bookmark: _Toc233285299]4.3 Testing

The anomalies data frame output for that slice matched a manual test for Day=1, Utility=1 with hypothetical outputs 42, 43, 44, 41, 45 (sum=215, daily_avg=53.75 under divide-by-4). The overall number of TRUE flags (~20–30% of 900 rows) matched the anticipated degree of random noise.




[bookmark: _Toc233285300]5. Part D – Identify Peak Productivity Days

[bookmark: _Toc233285301]5.1 Code Logic and Approach
An inner loop repeats over days, whereas an outer loop repeats over utilities. For every (utility, day) pair, a third loop adds the outputs from all matching rows. Best_day and best_day_output are updated anytime a new day total surpasses a running maximum, which is set to −Inf. Peak_days contains the results.
[bookmark: _Toc233285302]5.2 Flowchart – Part D
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Daily totals for three sampled days were carefully checked for Utility 1. The manually calculated list's maximum matched the code-identified peak. It was verified that peak_days included precisely six rows and no duplicate utility entries.
[bookmark: _Toc233285304]6. Part E – Calculate Efficiency Score

[bookmark: _Toc233285305]6.1 Code Logic and Approach
EfficiencyScore = (Output / 40) × 100 is calculated in a single loop over all 900 rows, storing the results in a pre-allocated vector that is added as a new column to production_data. Base output is represented by a score of 100; scores above or below 100 signify performance above or below base.
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[bookmark: _Toc233285307]6.3 Testing
For an output of 42 at row 1: (42/40)×100 = 105; this was confirmed by hand and matched the printed output. Sum(is.na()) yielded 0, whereas range(production_data$EfficiencyScore) verified that every number came inside the anticipated theoretical range.
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This project was a difficult but worthwhile exercise in low-level, disciplined R programming. Using apply() or aggregate() would have concealed the need for careful consideration of algorithmic structure and data flow when working without high-level aggregation tools.
Part C was the most difficult component. It took two separate rounds to identify each row after calculating a per-(day, utility) average to detect anomalies. I tried a single-pass method at first, but I soon discovered that I couldn't compare a row to the daily average without first calculating it for every row. A crucial step in solving the problem was realizing that two passes were required.
In Part D, initializing the running maximum presented another area of ambiguity. Since the identity element of the max operation handles edge circumstances like negative values or empty sets, I choose −Inf as the semantically right value, even if beginning at 0 would work in this situation.
Additionally, I discovered that pre-allocating vectors prior to loops significantly enhanced readability. Growing a vector with c() inside a loop can be much slower than writing to a pre-allocated place because of R's copy-on-modify semantics. Developing this habit helps me become ready for big datasets.
I would draw each algorithm on paper before coding if I were to repeat this homework. Part C took longer since I began coding before really understanding the two-pass requirement, but Parts B and D were simple because I mentally modelled them first.
In accordance with the assignment's guidelines (research and structure: Yes; writing and programming: No), I used AI to facilitate research and structure for this documentation report. I wrote all the code on my own, as well as all the analysis and reflective writing.
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