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For a coloured graph G and 0 ≤ ρ ≤ 1, a vertex v is ρ-
happy if at least ρ deg(v) of its neighbours share its colour. The
soft happy colouring problem seeks a colouring σ that extends
a given precolouring and maximises the number of ρ-happy ver-
tices [3]. This NP-hard problem is closely linked to community
detection in graphs. For example, for a graph in the stochas-
tic block model (SBM) and for suitable ρ, with high probability,
complete soft happy colourings can be achieved by the planted
community structure [1]. Moreover, for 0 ≤ ρ1 < ρ2 ≤ 1, com-
plete ρ2-happy colourings achieve higher detection accuracy than
complete ρ1-happy colourings, and when ρ surpasses a critical
threshold, it is unlikely to find a complete ρ-happy colouring
with near-equal class sizes [2]. Finally, we survey existing al-
gorithms and propose novel heuristic, local search, evolutionary,
metaheuristic, and matheuristic approaches that enhance solu-
tion quality for soft happy colouring.
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