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Abstract Recent years have seen active research on methods for efficiently processing and
interpreting large volumes of data in the fields of artificial intelligence and machine learning.
One of these data processing technologies, Vector Symbolic Architecture (VSA), offers an
innovative approach to representing complex symbols and data using high-dimensional vectors.
VSA has garnered particular attention in various applications such as natural language
processing, image recognition, and robotics. This study quantitatively evaluates the
characteristics and performance of VSA methodologies by applying five VSA methodologies to
the MNIST dataset and measuring key performance indicators such as encoding speed,
decoding speed, memory usage, and recovery accuracy across different vector lengths. BSC and
VT demonstrated relatively fast performance in encoding and decoding speeds, while MAP and
HRR were relatively slow. In terms of memory usage, BSC was the most efficient, whereas MAP
used the most memory. The recovery accuracy was highest for MAP and lowest for BSC. The
results of this study provide a basis for selecting appropriate VSA methodologies depending on
the application area.
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Fig. 1. Comparison of VSA representation
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Table 1. Slope comparison of VSA representation

Spec. Slopes(ms/unit, MB/unit)

VSAs HRR | BSC | MAP | VT |FHRR

Ecoding speed | 0.041|0.008 |0.067 | 0.018|0.028

Decoding speed| 0.048 | 0.009 | 0.071|0.021 | 0.033

Memory usage | 0.583|0.293|0.781|0.391 | 0.469

Recover
accuracy

0.000 | 0.000|0.000 | 0.000 | 0.000
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Table 2. Inner product comparison of VSA representations

VSA representations

Vector
length(bit| HRR BSC MAP VT FHRR
s)

128 0.406 | 0.000 | 0.186 | -0.046|-0.019

256 0.336 | 0.000 | 0.142 | -0.018| 0.005

512 0.188 | 0.000 | 0.065 | -0.013 | 0.002

1024 | 0.046 | 0.000 | -0.026|-0.019|-0.020

2048 | 0.062 | 0.000 |-0.018|-0.024 | -0.007

4096 | -0.009| 0.000 | 0.011 | -0.003| 0.007

Average | 0.172 | 0.000 | 0.060 | -0.020 | -0.005
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