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[bookmark: _Toc243319073]Section A: Flow and Logic description
The end-to-end base R simulation and data analysis pipeline for a multi-zone smart warehouse is available in all code for the assignment, in the script warehouse_manipulation.r. One of the main objectives of the developed script is to simulate operational records and calculate inventory metrics without using any external data packages apart from native R constructs, while keeping to the non-use constraints. Task 1A was dedicated to the creation of data and for this the vectors were passed numeric(total_rows) which optimised memory usage and did not have to resize the dataframes if a new row was added, which would slow data processing. Nested for loops were used for iterating sequentially through 28 days, 5 warehouse zones and 6 product categories to populate precisely 840 simulation records. For every iteration a uniform random variation integer between -12 and +12 was generated via sample(-12:12, 1). Units processed were calculated using the formula: 100 + (Zone * 8) + (Category * 5) + RandomVariation. And then Processing time was derived by multiplying UnitsProcessed by the conversion constant 0.85.
For the rest of the tasks 1B–1E, explicit loops, conditional statements and manual index matching were used to replace the high-level aggregation functions like dplyr, aggregate() and apply() which were not required for the assignment. To illustrate this, as was done in example task 1B, a loop made up of zones was used to add up total units processed into zone totals. Task C: category average time: The amount of time was tracked and counted both in terms of total time sum and similar record count in Task C. Task 1D then calculated daily zone averages by categories to warn of anomalies where units are out of the +-15 percent range of the daily mean. And lastly task 1E conducted a scan of daily totals across categories to identify the peak productivity day for each zone. Script that was developed for the assignment is procedurally presented with a nested loop structure and design as depicted in figure 1.
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[bookmark: _Toc243319006]Figure 1: Flowchart that shows the architecture of the nested loop and data generation.

Verification of the data output was done by checking at the actual console output which verified dataset structure and initialization correctness. This is presented in figure 2.
[image: ]
[bookmark: _Toc243319007]Figure 2: Snippet of the console output that the dataset structure is right, as well as the correctness of the dataset structure that is evidence of the correctness of the initialisation.

[bookmark: _Toc243319074]Section B: Justification of Programming Choices
Base R vectors and the native data.frame() function were chosen to strictly comply with the instructions provided for the assignment since external packages like dplyr and data.table were not allowed. Using of these native data structures demonstrated that structured datasets can be successfully created and managed without relying on third-party libraries. 
Mandatory requirement that the logic be iterative was imposed and to maintain this, nested loops and hand tracking of the rows were provided through the entire script so that the results generated by the scripts would be inserted in pre-allocated positions in the vectors. row_index was in turn used as the special tracking variable. Furthermore search loops like for (k in 1:nrow(...)) were used for locating records that matched during daily average and peak day calculations. 
Some assumptions were however made in developing the script. For instance it was assumed that random inventory fluctuations follow a uniform random distribution between -12 and +12 for every zone and category. There was also a tradeoff in that the use of multi-layered loops reduced execution efficiency compared to vectorized alternatives and particularly when searching through datasets. 
[bookmark: _Toc243319075]Section C: Testing and Validation
Individual calculations were verified through manual calculation tracing the results of the formulaic calculations by comparing the first rows generated of the calculation. For example verifying row 1 where base units were 100, zone adjustment of 1 x 8, category adjustment was 1 x 5 and  random variation was used correctly totaled 124 units. Validation of structural integrity of the dataset was done through the use of dimension checks like nrow(warehouse_data) == 840 and ncol(warehouse_data) == 5) and this confirmed that indeed all combinations of 28 days, 5 zones and 6 categories were accurately captured without data loss or duplication.  
Aggregations and anomaly logic were also validated. Total unit counts per zone  and average processing times per category were validated against expected baseline sums to ensure loop accumulators were functioning properly. Anomaly detector logical was taken seriously to test against boundary conditions to ensure that only units processed which were above +-15%  of the zone average daily were correctly marked with TRUE. 
Some errors were encountered during the development of the script and they required proper error handling and debugging to be done. In development, some minor debugging involved adjusting the index, within vectors, and the extent of variables in the nested loops to the tracking parameter overwriting in the global scope.  Figure 3 is a console output to show detected anomalies where Anomaly is TRUE.
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[bookmark: _Toc243316824][bookmark: _Toc243319008]Figure 3: Console output showing detected anomalies where Anomaly is TRUE.
[bookmark: _Toc243319076]Section D: Scalability and efficiency Reflection
Extensive use of explicit nested loops and linear scans of data in warehouses are also an aspect of developed script in determining the summaries and peak measures. Task 1E helped in identifying that Zone 5 peaked on Day 9 with 970 total units. 
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[bookmark: _Toc243316825][bookmark: _Toc243319009]Figure 4: Peak zone days

Implementation design of the script was able to perfectly satisfy the assignment requirements for an 840-row dataset but it however introduced severe performance bottlenecks. When a search is conducted through the dataframe inside multi-layered loops the result could be high time complexity and this could cause significant execution delays if scaled to millions of warehouse records. Native vectorization and effective subset indexing are possible solutions to this as they can help in alleviating bottlenecks of this type in a production setting. On a large dataset there could be a compromise between scripting and scalability, but the script will remain easily readable and maintainable. 
[bookmark: _Toc243319077]
Section E: Reflection on Learning and Use of Generative AI
The thing I had to figure out was how to write the assignment without using any functions which were not allowed by the instructions (high-level). To manually write manual loops and index trackers needed me to first gain a deeper understanding of memory allocation and base R data structures. The experience gave me a hands-on view of a process that greatly enhanced my programming logic and skills of manipulating a data set from scratch. At times during tackling some tasks I encountered errors in regards to loop indices and code syntax and I found it difficult in solving them. I found generative AI tools, such as Gemini, useful for debugging indices in the loop and organizing syntax structure, while still adhering to the assignment requirements. I made sure to thoroughly review and test every line of generated code and understand it to ensure complete personal ownership.
Conclusion
Work presented in this paper demonstrates successful development of a complete base R simulation and data analysis pipeline. Strong foundational programming skills were demonstrated by generating 840 simulation records and processing custom data aggregations using manual loops. Accuracy and structural integrity of the solution developed was verified through ways like manual tracing and dimension checks as well as boundary validation tests. Exercises undertaken ensured that valuable hands-on experience was gained in memory allocation and index tracking and also ensuring proper algorithmic logic.
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> print("First 10 rows of warehouse_data:")
[1] "First 10 rows of warehouse_data:"
> print(head(warehouse_data, 10))
Day Zone Category UnitsProcessed ProcessingTime

1 1 1 1 124 105.40

2 1 1 2 111 94.35

3 1 1 3 127 107.95

4 1 1 4 124 105.40

5 1 1 5 121 102.85

6 1 1 6 135 114.75

7 1 2 1 124 105.40

8 1 2 2 123 104.55

9 1 2 3 139 118.15

10 1 2 4 127 107.95

>

> # Display the total number of rows and columns

> cat("\nTotal number of rows:", nrow(warehouse_data))
Total number of rows: 840> cat("\nTotal number of columns:", ncol(warehouse_data),
"\n")

Total number of columns: 5




image4.png
Row 37 -> Day: 2, Zone: 2, Category: 1, Units: 109.0, DailyAvg: 132.50, Anomaly: TRUE
Row 43 -> Day: 2, Zone: 3, Category: 1, Units: 118.0, DailyAvg: 139.33, Anomaly: TRUE
Row 48 -> Day: 2, Zone: 3, Category: 6, Units: 163.0, DailyAvg: 139.33, Anomaly: TRUE
Row 61 -> Day: 3, Zone: 1, Categor 1, Units: 105.0, DailyAv 125.50, Anomaly: TRUE
Row 66 -> Day: 3, Zone: 1, Category: 6, Units: 150.0, DailyAvg: 125.50, Anomaly: TRUE
Row 73 -> Day: 3, Zone: 3, Category: 1, Units: 117.0, DailyAvg: 141.67, Anomaly: TRUE
Row 97 -> Day: 4, Zone: 2, Category: 1, Units: 114.0, DailyAvg: 135.17, Anomaly: TRUE

Row 103 -> Day: 4, Zone: 3, Category: 1, Units: 118.0, DailyAvg: 141.00, Anomaly: TRUE
Row 211 -> Day: 8, Zone: 1, Category: 1, Units: 105.0, DailyAvg: 125.17, Anomaly: TRUE
Row 258 -> Day: 9, Zone: 3, Category: 6, Units: 166.0, DailyAvg: 141.50, Anomaly: TRUE
>

> cat("\nTotal number of anomalies found:", true_anomaly_count, "\n")

Total number of anomalies found: 35
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