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Abstract

Matryoshka Representation Learning (MRL) enables efficient extraction of variable-dimensional embeddings from a single
high-dimensional vector, offering flexibility in resource-constrained scenarios. However, its strict nested structure, where
all elements of lower-dimensional embeddings are shared with higher dimensions, can limit representational power,
particularly impacting speaker recognition performance at lower dimensions. To address this limitation, we propose Partial
Element Sharing (PES), a technique that enhances Matryoshka speaker embeddings. PES introduces dimension-specific
non-shared elements alongside the shared elements inherent in MRL, allowing each embedding dimension to learn more
specialized features while maintaining efficiency. Speaker verification experiments on the VoxCeleb dataset demonstrated
that PES consistently outperforms standard MRL across various embedding dimensions and evaluation sets. On average,
PES achieved up to a 4.9% relative improvement in Equal Error Rate (EER) compared to MRL. Analysis indicates that
incorporating non-shared elements improves performance, especially for lower-dimensional embeddings constrained by
MRL's structure. PES offers a valuable approach for applications requiring improved speaker recognition performance

beyond standard MRL while retaining adaptable dimensionality.
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Figure 1. Example of embedding structures with partial element sharings
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Table 1. Speaker verification results across each embedding dimension (EER, %)

e .. VoxCelebl-O VoxCelebl-E VoxCelebl-H Ave.
16-D | 32-D | 64-D | 128-D | 256-D | 16-D | 32-D | 64-D | 128-D | 256-D | 16-D | 32-D | 64-D | 128-D | 256-D

SDM 318 | 1.53 | 094 | 085 | 080 | 321 | 1.54 | 1.09 | 097 | 095 | 580 | 272 | 192 | 1.75 | 1.73 | 1.93

MRL 1.00 | 252 | 147 | 118 | 096 | 096 | 2.62 | 1.52 | 1.20 | 1.07 | 1.07 | 461 | 269 | 2.12 | 191 | 191 | 1.85

MRL-E | 1.00 | 240 | 1.39 | 099 | 094 | 094 | 258 | 1.53 | 1.15 | 1.09 | 1.09 | 463 | 268 | 2.05 | 1.96 | 1.96 | 1.83
075 | 220 | 138 | 1.04 | 0.89 | 0.89 | 258 | 1.50 | 1.17 | 1.08 | 1.08 | 4.68 | 2.65 | 2.08 | 193 | 193 | 1.81

PES 050 | 2.17 | 1.29 | 1.03 | 099 | 098 | 256 | 150 | 1.17 | 1.05 | 1.05 | 462 | 2.64 | 2.03 | 1.88 | 1.88 | 1.79

025 | 237 | 124 | 097 | 089 | 087 | 254 | 147 | 1.11 | 1.03 | 1.02 | 455 | 259 | 203 | 1.88 | 1.87 | 176

075 | 248 | 1.52 | 1.05 | 097 | 097 | 253 | 1.51 | 1.15 | 1.08 | 1.08 | 458 | 2.66 | 2.03 | 1.92 | 1.92 | 1.83

PES-E | 050 | 2.13 | 144 | 1.01 | 095 | 095 | 251 | 1.52 | 1.14 | 1.10 | 1.10 | 451 | 261 | 204 | 197 | 197 | 1.80
025 | 212 | 1.32 | 1.06 | 092 | 092 | 251 | 149 | 1.14 | 1.05 | 1.05 | 456 | 2.64 | 204 | 191 | 191 | 178

NES 0.00 | 2.17 | 1.31 | 1.00 | 089 | 090 | 2.54 | 146 | 1.12 | 1.03 | 1.02 | 459 | 256 | 200 | 187 | 1.86 | 1.75

EER, equal error rate; SDM, single-dimensional model; MRL, Matryoshka representation learning; PES, partial element sharing; NES, no element sharing.
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Table 2. Error reduction rates of PES and PES-E models (%)

Model 7, 16-D 32-D 64-D | 128-D | 256-D

PES 0.75 3.0 2.6 4.7 1.0 1.0

(vs. MRL) 0.50 4.1 44 6.2 0.5 0.8

0.25 3.0 6.7 8.7 3.6 4.6

PES-E 0.75 0.2 -1.6 -1.0 0.5 0.5

(vs. 0.50 4.8 0.5 0.0 -0.8 -0.8

MRL-E) | 025 | 44 2.7 -1.2 2.8 2.8

PES, partial element sharing; MRL, Matryoshka representation learning.
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