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With the impressive advances towards quantum technological realizations, the need for highly
accurate, versatile, and computationally efficient approaches to simulate the dynamics of open
quantum systems has triggered compelling activities. A particular challenge is to consistently
account for subtle quantum correlations between system and surrounding such as retarded
reservoir feedback (non­Markovianity) as well as system­reservoir hybridization. Hence, for
schemes that go beyond the conventional Markov approximation a variety of methods across
different sub­disciplines has been developed such as hierarchical equations ofmotion, Lindblad­
pseudomode formulas, Chain­mapping approaches, phase space Fokker­Planck equations,
stochastic unravelings, and quantum master equations. This diversity, while indicative of the
field’s relevance, has inadvertently led to a ‘fragmentation’ that hinders a cohesive advance­
ment and application to current problems for complex systems.

How are different approaches related to each other? What are their strengths and limita­
tions? A systematic overview and concise discussion is highly wanted. Here, we make use of
a unified framework which very conveniently allows to link different schemes and, this way,
may also catalyze further progress. In line with the state of the art, this framework is formulated
not in fully reduced space of the system but in extended state space which in a minimal fashion
includes effective reservoir modes. This in turn offers a comprehensive understanding of ex­
isting methods, elucidating their physical interpretations, interconnections, and applicability.
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