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[bookmark: _Toc243661990]
[bookmark: _Toc243663756]1. Introduction
The report documents and evaluates warehouse_manipulation.r, an R script that simulates 28 days of activity over 5 zones and 6 product categories and summarises the activity. Beyond showing that the script is correct, it shows that two required outputs, the flags indicating anomalies and the peak days, are more about how the simulation was designed than actual warehouse performance.
[bookmark: _Toc243661991][bookmark: _Toc243663757]2. Explanation of Code and Logic
[bookmark: _Toc243661992][bookmark: _Toc243663758]2.1 Overall structure
The script is summarised in Figure 1 using the standard flow chart symbols of terminators, process boxes, decision diamonds and input/output parallelograms (ISO, 1985). The script runs from top to bottom: setup, generation (Part A), three summaries (Part B, Part C and Part D), and the peak day search (Part E).
[image: ]
Figure 1: Flow chart of warehouse_manipulation.r
[bookmark: _Toc243661993][bookmark: _Toc243663759]2.2 Data generation (Part A)
Three nested for loops iterate Day (1–28), Zone (1–5) and Category (1–6), giving 28 × 5 × 6 = 840 iterations. The call sample(-12:12, 1) samples the random variation; UnitsProcessed is calculated from the formula, and ProcessingTime is the value of UnitsProcessed × 0.85. The values are stored in five pre-allocated vectors at row_index and combined into the dataframe after the loops. In row 1, for example, the variation is +2, so 100 + 8 + 5 + 2 = 115 units and 115 × 0.85 = 97.75 minutes.
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Figure 2: Part A code chunk
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Figure 3: First ten rows and dimensions of warehouse_data
[bookmark: _Toc243661994]

[bookmark: _Toc243663760]2.3 Zone totals and category averages (Parts B and C)
Part B loops over the five zones. For each zone, an inner loop scans all 840 rows and add UnitsProcessed when the zone matches. Part C follows the same pattern for each of the six categories, but keeps two accumulators, time_total and record_count, so that each average is an explicit division (as the brief asks).
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Figure 4: Zone totals and category average processing times
[bookmark: _Toc243661995][bookmark: _Toc243663761]2.4 Anomaly detection (Part D)
Part D uses three passes. One loop over the rows fills two matrices, daily_zone_total and daily_zone_count, using Day and Zone directly as indices. A nested loop calculates the daily zone averages by dividing each total by its count, resulting in 140 daily zone averages. A final loop applies the 15% rule to each record; processing_anomalies keeps all 840 rows, because its Anomaly column must hold both TRUE and FALSE, and the first ten rows where Anomaly is TRUE are printed.
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Figure 5: Part D code chunk
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Figure 6: First ten anomalous records
[bookmark: _Toc243661996][bookmark: _Toc243663762]2.5 Most productive day (Part E)
Part E uses the same daily_zone_total matrix as Part D. In each zone it begins with day 1 as the best candidate and replaces it whenever a later day (2–28) has a strictly larger total. Since it begins with a real value and not zero, the strict comparison means that ties go to the earliest day.
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Figure 7: Peak day for each zone
[bookmark: _Toc243661997][bookmark: _Toc243663763]3. Justification of Programming Choices
[bookmark: _Toc243661998][bookmark: _Toc243663764]3.1 Data structures
Appending rows to a dataframe with rbind() inside a loop would copy it each time, as R modifies objects by copying them (Wickham, 2019). The cost for 840 rows is not visible, but it grows quadratically, so pre-allocation is the more defensible design. Matrices are appropriate for Part D, where Day and Zone are contiguous integers starting at 1, so daily_zone_total[d, z] is a direct lookup. The hidden assumption is that IDs are still numbers; if zones were coded as text such as "Z07", it would break the indexing.
[bookmark: _Toc243661999][bookmark: _Toc243663765]3.2 Loop organisation and alternatives
Parts B and C are written in a group-then-scan pattern because it echoes the wording of the brief ("for each zone") and it is easy to trace. It is not the most efficient solution: Part D provides an example of the alternative, and Section 5 shows the difference.
[bookmark: _Toc243662000][bookmark: _Toc243663766]3.3 Assumptions
The outputs are based on four assumptions. First, there are no explicit restrictions on sum() and mean(), but the requirement that totals come from loops was interpreted as excluding them. Second, the rounding of ProcessingTime to 2 decimal places is cosmetic, as an integer multiplied by 0.85 can never have more than 2 decimal places; a check confirmed that no values changed. Third, ties go to the earliest day.
[bookmark: _Toc243662001][bookmark: _Toc243663767]4. Testing and Validation
[bookmark: _Toc243662002][bookmark: _Toc243663768]4.1 Tests performed
Testing combined structural checks, a small case with known answers, manual checks and an independent cross-check (Table 1). Because of the restrictions in the brief, the cross-check used tapply() in a separate script and was excluded from the submitted file.
Table 1: Summary of tests
	Test
	Expected
	Observed
	Result

	Units range
	101 to 182
	101 to 182 (both limits reached)
	Pass

	Group sizes
	168 per zone; 140 per category; 6 per day–zone
	As expected
	Pass

	Totals reconcile
	Zone totals should add up to grand total
	119,051 = 119,051
	Pass

	Mini case: 2 days × 2 zones × 2 categories, variation = 0
	Zones 462 and 494; categories 99.45 and 103.70; 0 anomalies; tie → day 1
	Identical
	Pass

	Independent cross-check with tapply()
	Identical zone totals and category averages
	No difference in any zone or category
	Pass

	Manual anomaly checks
	Row 24: 168 > 167.70; row 61: 106 < 106.39
	Both flagged TRUE
	Pass



There was also a check from theory. The average zone effect is 24 units and the random variation has a mean of zero; the expected average for category c is therefore 0.85 × (124 + 5c). Observed averages differ from these by at most 0.75 minutes (category 6: 131.65 against 130.90).
[bookmark: _Toc243662003][bookmark: _Toc243663769]4.2 Critical evaluation of the testing
The tests are stronger on arithmetic than on logic. The mini case makes the expected values exact, but with no variation no record can be anomalous, so the TRUE branch was tested only on the real data. The tapply() cross-check cannot catch a misreading of the brief shared by both versions. There were no forced boundary cases, but 21 records have values within one unit of a threshold. Finally, all tests were run manually. Automated testthat tests would turn them into regression tests rerun after each edit (Wickham and Bryan, 2023).
[bookmark: _Toc243662004][bookmark: _Toc243663770]4.3 What validation revealed about the outputs
Validation also revealed some weaknesses in the brief itself. There were 41 anomalies (4.9% of the records), of which 38 were in categories 1 or 6; zones 1 and 2 accounted for 27 anomalies, and zone 5 accounted for only 2. This is because the category term is spread around each day–zone mean by about ±12.5 units, while a 15% threshold ranges from about 18.8 units for zone 1 to 23.6 units for zone 5. The rule thus primarily identifies the built-in category structure and is more restrictive for smaller zones. It would be more equitable to test a category-adjusted residual.
Part E is in a more serious situation. The generating formula does not mention day, so every peak day is noise. A manager who read peak_zone_days as evidence of operational patterns would be misled, demonstrating that correct code does not imply sensible output.
[bookmark: _Toc243662005][bookmark: _Toc243663771]5. Efficiency and Scalability
The cause is the group-then-scan pattern in Parts B and C, whose cost is rows × groups. A benchmark on 336,000 rows and 50 groups confirmed this: the multi-pass loop took 0.41 seconds, the single-pass accumulator 0.03 seconds and vectorised tapply() 0.015 seconds. Extracting warehouse_data$Zone[i] on each iteration adds overhead, avoidable by first copying columns into simple vectors (Gillespie and Lovelace, 2016).
Three improvements are proposed: single-pass accumulators in Parts B and C; named constants for the hard-coded coefficients 8, 5, 1.15 and 0.85; and vectorised or data.table operations in production. Maintainability is also important: Part E reuses the Part D matrix to save computation; however, changes to Part D could break Part E.
[bookmark: _Toc243662006][bookmark: _Toc243663772]6. Reflection and Use of Generative AI
I used a generative AI assistant, Chatgpt, to interpret the brief, and structure this report. The most useful lesson was the difference between code that runs and code that means something. The output for peak days is correct, but not informative. My big question was whether sum() or mean() was allowed. I settled on the strict reading. I write a first draft of the loops myself before calling for help. However I have automated tests from the start, not the end.
[bookmark: _Toc243662007][bookmark: _Toc243663773]7. Conclusion
The script fulfils all functional requirements, and multi-level tests support the correctness of its outputs. The key findings are critical: the anomaly rule and the peak-day measure are not true signals, and the group-then-scan loops scale poorly.
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set.seed(123); define constants
pre-allocate 5 column vectors (length 840)

More Day / Zone / Category
combinations?

variation = sample(-12:12, 1)
Units = 100 + 8Z + 5C + variation
Time = Units x 0.85; store at row_index

No
Build warehouse_data (840 x 5)
Output: head(10), nrow, ncol
Part B: for each zone, scan 840 rows,
accumulate units - zone_totals

Part C: for each category, scan 840 rows,
accumulate time and count - category_average_time

Part D: one pass — daily_zone_total and
daily_zone_count matrices (28 x 5)

Average = total / count for each cell

Units > 1.15 x avg OR
Units < 0.85 x avg ?

No

Anomaly = TRUE Anomaly = FALSE
Part E: for each zone, compare 28 daily totals
keep best (strict >, earliest day wins ties)

Output: zone_totals, category_average_time,
first 10 anomalies, peak zone_days




image3.png
15+ # —
16 # Setup: fixed seed and constants

17+ # - - -

18 set.seed(123)

19

20 base_units < 100

21 time_per_unit < 0.85

22 num_days < 28

23 num_zones |

24 num_categories <- 6

25 total_rows <- num_days * num_zones * num_categories
26

27

28 #

29 # Part A: Generate Warehouse Data
30~ #

31

32 # pre-allocate vectors for each column
33 day_col <~ integer (total_rows)
34 zone_col <~ integer (total_rows)
35 category_col <- integer(total_rows)
36 units_col < integer(total_rows)
37 time_col <~ numeric(total_rows)
38

39 # Nested loops: one row per day / zone / category combination
40 row_index <- 1

41- for (day in 1l:num_days) {

42~ for (zone in 1l:num_zones) {

43- for (category in 1:num_categories) {

44

45 random_variation <- sample(-12:12, 1)

46 units_processed <- base_units + (zone * 8) + (category * 5) + random_variation
47 processing_time <- units_processed * time_per_unit
48

49 day_col[row_index] < day

50 zone_col [row_index] <~ zone

51 category_col [row_index] <- category

52 units_col[row_index] ~ <- units_processed

53 time_col [row_index] <~ round(processing_time, 2)
54

55 row_index < row_index + 1

56~ 3

57+ 1

60 # Build the dataframe
61 warehouse_data <- data.frame(

62  Day = day_col,

63 Zone = zone_col,

64 Category = category_col,
65 unitsProcessed = units_col,
66  ProcessingTime = time_col

67 )

68

69 # Display first 10 rows and dimensions

70 cat("\n--- Part A: First 10 rows of warehouse_data ---\n")
71 print(head(warehouse_data, 10))

72 cat("\nNumber of rows: ", nrow(warehouse_data), "\n")
73 cat("Number of columns:", ncol(warehouse data), "\n")

74
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> # Display first 10 rows and dimensions
> cat("\n

--- Part A: First 10 rows of warehouse_data ---

> print(head(warehouse_data, 10))

- Part A: First 10 rows of warehouse_data

Day Zone Category UnitsProcessed ProcessingTime

\n")

101 1 1 115 97.75

2 1 1 2 124 105.40
3001 1 3 124 105.40

4 1 1 4 118 100.30

5 1 1 5 130 110.50

6 1 1 6 143 121.55

7 1 2 1 130 110.50

8 1 2 2 124 105.40

9 1 2 3 123 104.55

0 1 2 4 143 121.55

> cat("\nNumber of rows: ", nrow(warehouse_data), "\n")
Number of rows: 840

> cat("Number of columns:", ncol(warehouse_data), "\n")

Number of columns: 5
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Number of rows: 840

> cat("Number of columns:
Number of columns: 5

>

, ncol(warehouse_data), "\n")

o

Part B: Total Units Processed per Zone

zone_totals <- data.frame(
Zone 1:num_zones,
Totalunits = numeric(num_zones)

# For each zone, add up units from every matching row
for (zone in 1:num_zones) {
zone_total <- 0
for (i in l:nrow(warehouse_data)) {
if (warehouse_data$zone[i] == zone) {
zone_total <- zone_total + warehouse_dataSunitsProcessed[i]
3

3
zone_totals$TotalUnits[zone] <- zone_total

¥

VYV 4+ttt s VYV VAL VYVYYVY

cat("\n--- Part B: zone_totals ---\n")

--- Part B: zone_totals ---
> print(zone_totals)
Zone Totalunits

101 21059
2 2 22547
303 23715
4 4 25267
5 05 26463
>

art C: Average Processing Time per Product Category

category_average_time <- data. frame(
Category :num_categories,
AverageProcessingTime = numeric(num_categories)

>
>

>

>

>

¥

¥

¥

>

> # For each category, total the time and count the matching records
> for (category in 1:num_categories) {

+ time_total < 0

+ record_count <- 0

+ for (i in l:nrow(warehouse_data)) {

+ if (warehouse_data$Category[i] == category) {

+ time_total  <- time_total + warehouse_data$ProcessingTime[i]
+ record_count <- record_count + 1

¥
¥
¥
¥
>
>

¥
3

category_average_timeSAverageProcessingTime[category] <- round(time_total / record_count, 2)

cat("\n--- Part C: category_average_time ---\n"

--- Part C: category_average_time ---
> print(category_average_time)
Category AverageProcessingTime
109.36
114.16
118.10
122.69
126.86
131.65

VVouswNnE
U W
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126~ #
127 # part D: Identify Stock Processing Anomalies
128~ # -
129
130 # Matrices to hold totals and counts for each day (rows) and zone (columns)

131 daily_zone_total <- matrix(0, nrow = num_days, ncol = num_zones)

132 daily_zone_count <- matrix(0, nrow = num_days, ncol = num_zones)

133

134 # Step 1: accumulate units and counts per day / zone

135~ for (i in l:nrow(warehouse_data)) {

136 d < warehouse_datasDay[i]

137 z <- warehouse_data$Zone[i]

138 daily_zone_total[d, z] < daily_zone_total[d, z] + warehouse_data$unitsProcessed[i]
139 daily_zone_count[d, z] < daily_zone_count[d, z] + 1

140- 3

164 processing_anomalies <- data. frame(

165 Day = warehouse_data$pay,
166 Zone warehouse_data$Zone,

warehouse_datasCategory,
warehouse_data$unitsProcessed,
avg_col,

anomaly_col

167  Category
168 UnitsProcessed
169 DailyZoneAverage
170 Anomaly

171 )

172

173 # Display first 10 anomaly rows

174 anomaly_rows <- processing_anomalies[processing_anomaliesSanomaly == TRUE, ]
175 Part D: First 10 anomalies ---\n")
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--- Part D: First 10 anomalies ---
> print(head(anomaly_rows, 10))
Day Zone Category UnitsProcessed DailyZoneAverage Anomaly

24 1 4 6 168 145.83  TRUE
61 3 1 1 106 125.17  TRUE
73 3 3 1 120 143.17  TRUE
78 3 3 6 166 143.17  TRUE
91 4 1 1 103 124.50  TRUE
9% 4 1 6 147 124.50  TRUE
108 4 3 6 163 140.83  TRUE
126 5 1 6 148 128.50  TRUE
157 6 2 1 116 139.67  TRUE
212 8 1 2 106 127.00  TRUE
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179~ #

180 # part Most Productive Day for Each Zone
181~ # -

182

183 peak_zone_days <~ data.frame(

184 zone = 1:num_zones,

185  Day integer (num_zones)

186  TotalUnits = numeric(num_zones)

187 )

188

189 # For each zone, find the day with the highest total

190 # (daily totals reused from Part D; ties keep the earliest day)
191~ for (z in 1l:num_zones) {

192 best_day < 1

193 best_total <~ daily_zone_total[l, z]

194~ for (d in 2:num_days) {

195~ if (daily_zone_totalld, z] > best_total) {
196 best_total <~ daily_zone_totalld, z]
197 best_day < d

198~ 3

199- 3

200 peak_zone_days$Day[z] < best_day
201 peak_zone_days$Totalunits(z] <~ best_total
202- 3}

203

204 cat("\n--- Part E: peak_zone_days ---\n")
205 print(peak_zone_days)

17
:
> cat("\n--- Part E: peak_zone_days ---\n")

--- Part E: peak_zone_days ---
> print(peak_zone_days)
Zone Day Totalunits

1116 786
2 2 6 838
3 3 8 895
4 4 3 948
5 5 19 972
o
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