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Concatenating matrices is a powerful strategy for revealing common structures in data. For
instance, stacking k& matrices Ay, ..., A, into a single block matrix

M =[Ar Ay -+ Ay,

allows us to extract shared basis vectors through a single singular value decomposition (SVD).
This approach underlies many algorithms in dimensionality reduction, clustering, and other
data-driven applications [3, 4].

However, an important question is how perturbations in the individual matrices A; affect
the singular values of the concatenated matrix M. Building on classical results in matrix
perturbation theory [1, 2|, we derive explicit error bounds that quantify this sensitivity.

Theorem 1. Let M = [Ay, ..., Ax] be formed by horizontally stacking matrices A; € R™*".
Suppose M = [Ay, ..., Ax] is a perturbed version, where A; = A; + E;. Denote o,(M) and
oi(M) their respective singular values, and let r = rank(M). Then for 1 <i <,
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Remark 1. These bounds ensure that small blockwise perturbations E; lead to only modest
changes in the dominant singular values of M. Hence, if | E;||2 is sufficiently small for each i,
ai(]\A/f) remains close to o;(M) for all indices, preserving the reliability of subsequent low-rank
approrimations and clustering tasks.

Practical Impact. Concatenation-based approaches appear in a broad range of problems,
from multisensor signal processing to large-scale matrix clustering. By focusing on explicit
spectral norm estimates, our results allow practitioners to decide when joint compression (via
concatenation) is beneficial, or when separate compression suffices.

Acknowledgements.

The authors confirm that there is no conflict of interest and acknowledges financial support by
the Simons Foundation grant (SFI-PD-Ukraine-00014586, M.S.) and the project 0125U000299 of the
National Academy of Sciences of Ukraine. We also express our gratitude to the Armed Forces of
Ukraine for their protection, which has made this research possible.

1. H. Weyl. Das asymptotische Verteilungsgesetz der Eigenwerte linearer partieller Differentialgle-
ichungen. Math. Ann., 1912, 71, 441-479.

http://www.imath.kiev.ua/~young/youngconf2025



INTERNATIONAL CONFERENCE OF YOUNG MATHEMATICIANS
THE INSTITUTE OF MATHEMATICS OF THE NATIONAL ACADEMY OF SCIENCES OF UKRAINE
JUNE 4-6, 2025, KY1v, UKRAINE

2. G. W. Stewart, J. Sun. Matriz Perturbation Theory. Academic Press, San Diego, 1990.

3. C. Eckart, G. Young. The approximation of one matrix by another of lower rank. Psychometrika,
1936, 1(3), 211-218.

4. M. Gavish, B. Nadler, R. R. Coifman. Multiscale wavelets on trees, graphs and high dimensional
data: theory and applications. ICML, 2010, 10, 367-374.

http://www.imath.kiev.ua/~young/youngconf2025



