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The study focuses on improving sample allocation methods in stratified
surveys involving multiple study variables. When a population is divided into
homogeneous strata, an optimal distribution of samples across these strata
is crucial for achieving high precision of the estimators used, while minimiz-
ing survey cost. Traditional approaches such as Neyman allocation [5] often
perform suboptimally when multiple correlated variables are studied simulta-
neously. To address this, the paper explores several optimization-based meth-
ods that account for both survey cost and precision while leveraging auxiliary
variables — readily available variables correlated with the study variables —
to enhance estimation accuracy.

The study compares seven algorithms for multivariate optimal sample al-
location: the integer programming algorithm (IPA) [2], Bethel’s algorithm
(BA) [1], generalized simulated annealing (GSAA) [8], constrained optimiza-
tion by linear approximations (COBYLA) [6], particle swarm optimization
(PSO) [4], biased random key genetic algorithm (BRKGA) [3], and differen-
tial evolution optimization (DEO) [7]. These methods are applied to simu-
lated and real survey populations with varying correlation strengths between
auxiliary and study variables.

Simulation results show that all algorithms perform well when the corre-
lations between auxiliary and study variables are high, but required sample
sizes increase substantially as correlations weaken. The IPA achieves the exact
global minimum cost and serves as a benchmark for comparison. Among the
heuristic methods, DEO performs most consistently, achieving results clos-
est to the global minimum in 86% of the tested cases, followed by BRKGA
and PSO.

In addition to efficiency, the paper investigates algorithmic convergence be-
havior, assessing how rapidly and reliably each method reaches its optimal or
near-optimal solution. DEO shows stable convergence and low sensitivity to
parameter tuning, while GSAA and PSO occasionally exhibit slower conver-
gence or premature stagnation. COBYLA performs well for smooth objective
functions but can miss the global minimum in multimodal cases.

Overall, the findings highlight that using correlated auxiliary variables im-
proves estimation precision and reduces survey cost in multivariate stratified
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sampling. Moreover, metaheuristic optimization methods — especially differ-
ential evolution (DEO) — combine high convergence reliability with compu-
tational robustness, making them suitable for large, complex survey designs.
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