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One of the first proposed applications of quantum computers was for the simulation of physical systems, as suggested
by Y. Manin and R. P. Feynman [1, 2]. Over the last three decades there have been many advances in simulating
quantum systems with quantum computers [3]. Although many of the advances made have only been for the
simulation of closed quantum systems (Hamiltonian simulation), fewer advances have been made in developing
algorithms to simulate Open Quantum Systems (OQS) [4, 5, 6]. In this work we will focus on the simulation of
Markovian OQS, which means OQS which can be described by a master equation that is in the GKSL (Gorini-
Kossakowski-Sudarshan-Lindblad) form [7, 8]. The central approach in the quantum simulation of OQS involves
finding novel ways to compile a quantum channel & such that for a given GKSL generator £, an evolution time
t > 0, a precision € > 0 and a distance measure dist(-,-) such that for any input state p,

dist(e“tp, &(p)) < e, (1)

which means that & approximates e** to a precision e. The most common way to compile the channel & is to
use Trotter-Suzuki (TS) product formulas but there are also other methods such as randomised product formulas
and QDRIFT channels which can be used to compile the channel &. In all of these strategies one requires an
optimal gate complexity and error so as to have efficient simulation. Usually when one obtains bounds on the
error and gate complexity it is obtained for the worst-case however this may be a gross overestimate of the error
and gate complexity. Recently, the proposed use of the average error computed over an ensemble of random input
states [9] has shown an improvement in the bounds on the error and gate complexity for the case of Hamiltonian
simulation. Numerical experiments have also verified the hypothesis that worst-case bounds are an overestimate for
Hamiltonian simulation by T'S product formula. In this work we perform numerical experiments to find the optimal
gate complexity for the simulation of Markovian OQS by TS product formulae, QDRIFT channel and randomised
product formulas. We shall consider a various OQS models and aim to find the optimal gate complexity by optimising
the average value of distance between e** and & over an ensemble of input states that are representative of the
state space of the given system. We will show that the theoretical bounds for the gate complexity for simulating
OQS are also an overestimate. In doing so we can show that we can perform faster simulation of Markovian OQS.
This will also aid in developing improved and tighter theoretical bounds on both the error of the approximation
and the gate complexity of the circuits.
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