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The description of complex systems by the concept of Replica Symmetry Breaking (RSB), which
was introduced by Giorgio Parisi in the 1980s, was honored by the Nobel price in 2021. RSB has
been used to analyze and describe the behavior of many systems, such as spin glasses, neural
networks, optimization problems, or data analysis using machine learning. From the numerical
side, for a thorough analysis of almost all RSB-exhibiting problems, only algorithms are available
with exponentially growing running times, which has restricted the system sizes considerably.

Here two models are considered, directed
polymers in random media and increasing
subsequences (called Ulam's problem for the
ground states). For both models it is possible to
sample exactly in perfect thermal equilibrium
with algorithms where the running time
increases only polynomially with the system
size. This means, large system sizes are
accessible and good statistics can be obtained,
in contrast to, e.g., the case of spin glasses.

For both problems, ensembles are considered,
where the numerical data, namely the
distribution of overlaps and the clustering of
the configuration space, strongly indicates that
RSB is present. Thus, these models exhibit a
convenient approach to study RSB by computer
simulations, at least for some variants.
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