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Task 2: Documentation and Critical Explanation

A. Explanation of Code and Logic
The warehouse_manipulation function is constructed as a five-step procedural pipeline coded in base R which models and analyzes the warehousing operations involving stock keeping in 28 days, 5 zones, and 6 product categories (28x5x6=840 "records"). Since higher-level summary functions (such as dplyr, apply(), aggregate()) and user-defined functions are not allowed, the underlying algorithm uses nested for-loops, if/else statements, and manually defined accumulator variables. Instead of creating rows of tables step by step within a loop, pre-defined atomic vectors of integer(), numeric() and logical() types are created initially, filled with index referencing and aggregated into a data.frame() object in the end of each step.
Task 1A, on the other hand, begins with set.seed(42) to ensure reproducibility of outputs and creates five vectors with length 840 each (col_day, col_zone, col_category, col_units, col_time) together with current_row <- 1. Three nested for loops run through all Days (1:28), Zones (1:5), and Categories (1:6). Within the most internal loop, random_variation is generated using sample(-12:12, size = 1), which is then included in base_units + (z * 8) + (c * 5) + random_variation to get UnitsProcessed and multiplied by 0.85 (round(..., 2)) for ProcessingTime.
Tasks 1B and 1C perform a summary of warehouse_data using two-level for-loops. In Task 1B, the first for-loop traverses from Zones 1 to 5 with running_zone_sum <- 0, while the second for-loop loops over all 840 rows and accumulates UnitsProcessed if warehouse_data$Zone[r] equals target_zone into zone_totals. In Task 1C, the same scan is performed over Categories 1 to 6 with two variables—cat_time_sum (total processing time) and cat_record_count (number of matching rows, equal to 140 per each category), whose division yields the mean in category_average_time.
Finally, Tasks 1D and 1E test the extremes of operations. For Task 1D, a loop for all 28 days and 5 zones runs through two nested passes: Pass 1 calculates the sum and count of the 6 categories in that time frame to get current_avg (DailyZoneAverage), and Pass 2 marks anomaly_flag[r] <- TRUE if UnitsProcessed is higher than current_avg * 1.15 or lower than current_avg * 0.85. In Task 1E, there is a nested loop for Day within Zone, adding up zone daily throughput across all 6 categories and measuring the daily throughput against the max units found so far.



B. Justification of Programming Choices
Data Structure Selection and Memory Efficiency
Rather than creating a dataframe using rbind() inside a loop to append a row to the dataframe, which would force R to create a copy of the whole table at each iteration and increase the memory footprint significantly, typed atomic vectors (integer(840), numeric(840)) were allocated to specific sizes before processing. Data.frame objects were created using standard constructors at the end of the process only.
Loop Organisation and Alternatives Considered
Instead of using the mathematical row indexing method (e.g., skipping rows by intervals of 6), explicit condition tests (e.g., if (warehouse_data$Zone[r] == target_zone)) were performed during the scanning process. Even though index skipping would reduce the number of iterations, the explicit condition check is far more reliable in the event that the order of the rows changes, the grouping would still be accurate.
Core Assumptions and Trade-Offs
• RandomVariation employs a discrete uniform distribution of integers between -12 and +12 through sample(-12:12, size = 1) with set.seed(42) to make test cases replicable.
• The simulation assumes that there is a perfectly balanced dataset where there are no missing data in all 28 days, 5 zones, and 6 categories.
• In detecting the peak day, the simulation assumes that the use of the greater than (>) operator will retain the chronologically earlier day when there is a tie.
• The solution favors the readability of the code by sacrificing the optimization of speed.
C. Testing and Validation
Structural Checks and Boundary Verification
The following validation tests were included to check if the script worked correctly:
Dimensions: Console output was used to check that warehouse_data created 840 observations and 5 variables (28×5×6=840).
Domain Boundaries: Using the formula, theoretical min/max bounds of UnitsProcessed = (100+8+5-12=101 units to 100+40+30+12=182 units). From the output, all 840 records lie between [101, 182].
Counts: Task 1C checked that each category has 140 records (28×5=140).


Manual Verification and Error Correction
• Manual Computation: The spot checks conducted on rows in Task 1A showed that the calculation of the ProcessingTime by multiplying UnitsProcessed by 0.85 is correct.
• Error Troubleshooting: While developing the code, an early scope issue with the code in Task 1B occurred where the totals of the zones got inflated because the resetting of the running_zone_sum (running_zone_sum <- 0) was done outside the outer zone loop. This was fixed by placing it inside the loop. Also, the console errors due to the use of zero-length variable names were fixed by running the script file again.
Limitations of Testing
Although manual spot checks, boundary checks, and cross-sum checks may work well to verify the correctness of a simulation that has just 840 rows, they depend on human visual examination and test only a minuscule percentage of data rows, making them impractical for production purposes.
D. Efficiency and Scalability Reflection
Performance and Bottlenecks with Larger Datasets
Even though the simulation of 840 rows runs instantly, the nested loops structure does not scale well to significantly larger data sets. This is because Tasks 1B to 1E loop through all the rows in outer grouping loops, which causes the time taken to be multiplicative. The most time-consuming process is Task 1D, where looping through 140 days-zone windows and performing two full table scans takes significant amount of computation time. 
Alternative Improvements and Maintainability
It is possible that the performance might still be further optimized even under loop limitations of base R by keeping track of row indexes during grouping operations to prevent unnecessary scanning of the entire table. In terms of maintainability, having parameter values like total_days and total_zones at the top of the program allows for easy modifications of dimensions without difficulty.
E. Reflection on Learning and Use of Generative AI
Challenges Encountered and Skills Developed
The shift from the procedural base R without higher-level aggregation functions was difficult at first, as far as handling variables and loops was concerned. In particular, while developing Task 1D, the need to compute the means within each category and then use those values for checking the individual elements was recognized and a two-pass inner loop was used. This helped develop important programming skills such as indexing and vector allocation.
E. Reflection on Learning and Use of Generative AI
Learning Journey and Challenges Overcome
For this assignment to work without the help of high-level aggregation functions, there was a need to go back to the basics and use basic procedural programming. An instance where I experienced ambiguity was during Task 1D (processing_anomalies). At this point, my attempt was to use a single loop pass in calculating the daily zone average and the anomalies in the process. With the realization that all category records had to be processed first before a baseline group mean could be formed, a change in the structure to use a two-pass inner loop became necessary. The task improved my skills on vector pre-allocation, pointer current_row, and variable scope in base R.
Generative AI Usage
In compliance with the assessment criteria of the module, AI has been used purely for background research and the structuring of the report’s sections. I did not use it to write code or generate text for submission
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