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Measuring algorithmic efficiency with a Singlé benchmark produces results that are technically
correct and practically useless. A sortingi@gorithmithat performs optimally on random data may be
the worst choice for nearly sorted input,”and an agorithm dismissed as dow in textbook
comparisons may outperform all alternatives'when duplicates dominate the dataset. This analysis
evaluates quicksort, merge sort, and tRsextion sort across four distinct data conditions to determine
which algorithm is most appropriatéfor each scenario.

M ethodology

Each algorithm was evaluated. against. four data conditions: randomly ordered input of 10,000
elements, nearly sorted input with 100 elements out of place, reverse-sorted input, and input with
high duplicate density where approximately 30 percent of values repeat. Performance was measured
in terms of average ease time complexity and observed operation count across ten trials per
condition. The goalywas not to identify a universally superior algorithm but to identify which
algorithm shouleibe reached for first under each of the four conditions.

Randem I nput

Under"random input, quicksort performed best on average, consistent with its O(n log n) average
case complexity..Merge sort performed comparably, with the advantage of guaranteed O(nlog n) in
all cases. Insertion sort, as expected for an O(n squared) algorithm, was substantially slower asinput
size Increased and is not suitable for large random datasets. For random input without specific
constraints, ksort is the appropriate default choice, with merge sort preferred when worst-case
guarant required.

Nearly Sorted I nput

Nearly sorted input reversed the rankings for insertion sort. Because insertion sort performs close to
O(n) on nearly sorted data, it outperformed both quicksort and merge sort under this condition.
Quicksort's performance degraded significantly on nearly sorted input when implemented with a
naive pivot selection strategy, approaching O(n sguared) in the worst case. This is the condition
under which the standard textbook comparison between these algorithms is most misleading;
insertion sort, often dismissed as a beginner's agorithm, is the correct choice for nearly sorted data.

Reverse-Sorted Input



Reverse-sorted input is the worst case for insertion sort, which must move every element to its
correct position, resulting in O(n squared) performance. Merge sort, unaffected by input order,
maintained its O(n log n) performance. Quicksort wi domized pivot selection performed well;
without randomization, reverse-sorted input can squared) behavior. For reverse-sorted
data, merge sort isthe safest choice.

High-Duplicate Input
High-duplicate input favored merge sort an
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Conclusion

No single agorithm is opti | four conditions. Quicksort is the appropriate default for
large random datasets. [ utperforms it on nearly sorted data. Merge sort provides the
most consistent r ross al conditions and should be preferred when worst-case
guarantees m or input order cannot be predicted. The practical implication is that
algorithm selectio be driven by knowledge of the data distribution, not by a single
benchmark ¢ . A developer who understands these distinctions will write faster, more
robust 0 applies the same algorithm to every sorting problem.
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