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[bookmark: _Toc222919994]Introduction
This report captures the implementation, validation and design of a simulation model in managing production resource in an alien colony. The assignment involved the creation and manipulation of a structured data of 30 sols (days), 6 stations and 4 worker teams at each station. This required that all computations be done in loops and with no high-level aggregation functions, like apply (), aggregate (), colMeans (), or rowSums (), and no custom functions were written. The limitation to loops was intended on the theory that low-level control is required on iteration, indexing, memory access and data access. 
The simulation computes daily outputs using the formula: 
	Output=50+(Station×3)+(Team×2)+RandomNoise


where RandomNoise is an integer between –5 and +5.
The following sections explain each component of the implementation, testing strategy, and evaluation.
[bookmark: _Toc222919995]Task 1A: Generate Production Data
The total number of required rows was calculated as:
30 sols × 6 stations × 4 teams = 720 rows.
To improve efficiency, vectors were preallocated using:
	Sol_vec <- numeric(total_rows)


instead of repeatedly using c() concatenation. Preallocation prevents repeated memory reallocation and improves computational performance, which is particularly important in iterative simulations.
Three nested loops were used:
· Outer loop: Sol (1–30)
· Middle loop: Station (1–6)
· Inner loop: Team (1–4)
Inside the innermost loop:
1. A random integer was generated using sample(-5:5, 1).
2. Output was calculated using the specified formula.
3. Values were stored at the current index position.
4. The index was incremented manually.
After completing all iterations, the vectors were combined into a dataframe using data.frame().
Testing Strategy
To test accuracy, I had to compute manually the expected output of Sol 1, Station 1 and Team 1. The deterministic part summed up to 50 + 3 + 2 to make 55. The output obtained was 52, and this means that the noise is -3, and this falls within the acceptable limit.
Verified total rows:
	nrow(production_data)


Result: 720 (correct).
Checked for missing values:
	sum(is.na(production_data))


Result: 0.
These checks confirmed structural correctness.
[image: PlantUML diagram]
Generate Production Data (Flowchart)
[bookmark: _Toc222919996]Task 1B: Total Production per Station
Preallocation was done with two numeric six length vectors that stored the station identifiers and respective totals. A statement to initialise a total variable to zero and a loop over all the 720 rows was then run in each station, starting with 1 to 6. On a match in the station value the output was cumulated. The resultant total was then saved and this showed manual conditional aggregation without high level functions.
Testing Strategy
To confirm the accuracy, I computed manually the station 1 total output on Sol 1 and compared the output obtained with that obtained by the loop. I further ensured that station totals grew in the same direction as I went on in the same order as at Station 1 to Station 6 in line with the deterministic formula. Lastly, I ensured that the dataframe obtained had six precise rows.
[image: PlantUML diagram]
Total Production per Station (Flowchart)
[bookmark: _Toc222919997]Task 1C: Detect Production Anomalies
Anomalies are defined as outputs deviating by more than 10% from the daily station average.
The algorithm uses:
Two outer loops:
· Sol (1–30)
· Station (1–6)
For each sol-station pair:
Step 1: Calculate daily total
· Loop through all rows.
· Sum outputs for matching sol and station.
Step 2: Compute daily average
	daily_average <- daily_total / 4


Step 3: Second loop through rows
· For matching rows, compute:
	deviation <- abs(Output - daily_average)


· If deviation > 0.10 × daily_average → TRUE
· Store results in preallocated vectors.
Index management ensured that all 720 rows were stored.
Testing Strategy
Testing included:
1. Manual verification:
· For Sol 1, Station 1:
· Calculated 4 team outputs manually.
· Computed average.
· Checked deviation threshold.
2. Verified anomaly dataframe length:
	nrow(anomalies)




Result: 720.
3. Confirmed logical behaviour: Extreme values (high noise or low noise) were flagged TRUE.
This confirmed correct anomaly detection logic.
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[bookmark: _Toc222919998]Task 1D: Identify Peak Productivity Days
For each station:
· Initialize max_output to negative infinity.
· Loop through sols 1–30.
· Compute total output per sol by summing matching rows.
· If sol_total > max_output:
· Update max_output
· Store best_sol
Results were stored in vectors of length 6.
This approach uses explicit comparison logic to track maxima without using which.max() or other built-in optimizers.
Testing Strategy
[image: ]
1. Checked that peak total for Station 6 was highest overall, consistent with deterministic formula.
2. Verified each station returned exactly one sol.
3. Confirmed totals were consistent with manual inspection of production_data.
Logical consistency confirmed correctness.
[image: PlantUML diagram]
Identify Peak Productivity Days (Flowchart)
[bookmark: _Toc222919999]Task 1E: Efficiency Score
A new column was preallocated:
	production_data$EfficiencyScore <- numeric(nrow(production_data))


A loop iterated through all rows and computed:
	EfficiencyScore= Output/(Station+Team)


The calculation uses explicit indexing and avoids vectorized division.
Testing Strategy
Manual verification:
For first row:
Output = 52
Station + Team = 2
EfficiencyScore = 26
[image: ]
Matches printed output.
[image: PlantUML diagram]
Calculate Efficiency Score (Flowchart)
[bookmark: _Toc222920001]Reflection
The most difficult part of this task was to do all the aggregation and summarisation via loops instead of the vectorised functions of the R programming language. Usually, operations like grouped totals, anomaly detection, and peak identification would be performed effectively with the help of such tools as dplyr or even in-built aggregation functions. The use of loops restricted the solution to loops left indexing, accumulator resetting and nested control structures to be handled carefully. The anomaly detection element was also especially challenging, with two passes of the dataset per sol station combination to compute the algorithm, which served to augment the sensitivity to the cost of computation. In this process, I have gained a better appreciation of iterative logical thinking, memory preallocation and reproducibility by set.seed(). In case of an actual implementation into a real-world situation, I would focus on using the vectorised operations, minimizing the frequent full-data scan, and, probably, reorganising the data to accommodate a better scalability and computation speed.
[bookmark: _Toc222920002]Conclusion
The simulation manages to create, manipulate, and analyze production data with the use of structured nested loops alone. The implementation of all the required functions did not use high-level functions that were prohibited. It is shown that the solution has systematic design, explicit algorithmic control, memory efficiency and rigorous testing. The project supported basic principles of programming and enhanced the knowledge of statistical simulation in terms of computational logic.

1

image2.png
_*

( ntatze Baseoutput |
P2
[ Preallocate vectors |
(‘set ndex=1)
Loop Sol (1-30)

K

("Loop station 1-6) |

iR

(LoopTeam a4y )
P
| Generate RandomNoise | A
[

(carcute oupur | |

[ store values n vectors |

[ 2

( increment index |

More Stations?

[ cnrmmm e |
)

S




image3.png
)

- ~
[ select station (1-6) |

P

P
[ settotal=0 |

B

-
[ Loop through all rows |

Station matches?
Yes

(‘ac outputo toal )Y
U )

E=

(" store total in results vector
\

More stations?

[ Create station totals dataframe |
)

e —

A





image4.png
N A

( Preallocate anomaly vectors |

.
(‘setindex =1 )
[ Loop sol (1-30) |

e

("Loop station 1-6) |

P

(‘setaaiy total =0 |

R

('scanrows )

Sol & Station match?
Yes

\ Add Output to daily_total \V

\ Compute daily_average \ A

} A
( scan rows again |
C V

Sol & Station match?
Yes
Deviation > 10%7

‘ N P
| Flag TRUE | ( Flag FALSE |
) . )

[ store anomaly resutt |

2

[ Increment index |
. J





image5.png
Peak Productivity Days:
> print(peak_days)
Station Sol Totaloutput

1 1 16 244
2 2 7 255
3 3 1 268
4 4 20 283
5 5 27 294
6 6 1 304
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First 10 rows with Efficiency Score:

> print(head(production_data, 10))
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