
Circuit Optimization Using BQSKit
1. Dynamic Circuit Generation

2. Circuit Approximations for Quadratic Error Reduction
Costin Iancu – Lawrence Berkeley National Laboratory



● Dynamic circuits (MMR and Feed Forward) are 
useful for resource optimization

● Generating DCs requires handling non-unitary 
operations

First general method available

● Approximation is intrinsic to QC (FT)

● Ensemble of 𝛜-distance approximate circuits is 
within 𝛜2-diamond norm distance

First general method available

Dynamic Circuit Generation Approximations for 
Quadratic Error Reduction

TFIM CNOT Count Reduction > 50%
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TABLE IV: Circuit partition results using DC, BQSKit and a mixed method. Both mixed and DC results have the
shortest circuit depth but mixed method requires less number of qubits and CNOTs compared with DC.

Circuits
n CNOT Depth

Original DC BQSKit Mixed Original DC BQSKit Mixed Original DC BQSKit Mixed
Grover 6 38 6 33 174 171 165 161 172 101 165 101

tfim-2-10 10 20 10 17 36 43 35 43 22 28 35 28
tfim-2-12 12 22 12 21 44 46 37 46 26 29 37 29

QAOA-random 10 25 10 20 54 66 53 63 26 43 53 43
QAOA-3-regular 10 19 10 16 30 38 32 38 18 25 32 25

FIG. 12: On panel (a), we illustrate the qubit mapping for the TFIM Hamiltonian on a hexagonal lattice to a
heavy-hexagonal architecture. This mapping turns out to be the optimal mapping for large-scale hexagonal TFIM.
Panel (b) illustrates Rzz component of one Trotter step of the time evolution circuit of the TFIM Hamiltonian. Due
to the mapping, Rzz gates must be applied between nearest neighbor system qubits, which are represented by blue
rectangles. Since the ancilla qubits are not used, they can always be set to |0→ state. Note that Rx gates are ignored
as our focus is on qubit mapping. In panel (c), we take advantage of this fact, and implement this Trotter step by
only using unitary gates with BQSKit-0 (using cost function in Eq. (25)), which results in a circuit depth of 7 CNOTs
per Trotter step. Note that the ancillas remain in |0→ state before and after the application of the Trotter step. We
perform gate deletion to remove some redundant single-qubit gates. Finally in panel (d), we implement the same
circuit using dynamical circuits via optimizing our cost function Eq. (10) (DC-Rzz), which lead to a circuit depth of
only 4 CNOTs and 2 cycles of measurements. At the end, we reset the ancilla qubits to ensure they remain in |0→
state.

E. Evaluating the Fidelity Tradeo!

While our protocol is able to find substantially shorter
circuits and, in some cases, fewer gates, the hard-
ware results show that the resultant fidelity is actually
worse than that of the unitary circuit described in Sec-
tion VIIA 3 and Section VIIB 3. This is a symptom of
poor fidelity of mid-circuit measurement. As mentioned,
these fidelities are expected to improve as hardware pro-
gresses to support error correction which requires mid-
circuit measurement and feed-forward operations. These
advancements will, in turn, boosts the performance of our
dynamic circuits. Our goal is to understand: “How much
does mid-circuit measurement need to improve before our
dynamic circuits can outperform unitary circuits?”.

In order to perform this analysis, we leverage the
framework introduced in [25]. This tool allows us analyze
our compiled circuit parameters (depth, gate count, mea-
surements) across a range of hardware parameters (qubit

coherence, gate fidelities, gate times, etc.). To evaluate
the impact of our depth reduction, we adapt a fidelity
model based on [42, 43] to our case:
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N is the number of qubits, T1 is the qubit coherence time,
CT is the time needed to run a circuit, fi is the gate
fidelity of an i-qubit gate, ni is the number of i-qubit
gates, fMCM is the MCM fidelity, M is the number of
mid-circuit measurement cycles, i.e., simultaneous mea-
surement is considered as one cycle. In this model, we as-
sume that a mid-circuit measurement lowers the fidelity
of all qubits (including idle qubits), due to measurement
crosstalk. Thus, we have an additional factor of N in the
third term. The circuit time is a sum of the gate times
along the critical path. For dynamic circuits, there is an
additional feed-forward time (tFF) that we include which
factors in the time it takes to pass the control signal.

Good resource optimization potential No fidelity loss even for imprecise MMR
Massive Decreases in T counts by 

reducing precision and removing RZs! Diamond norm is bounded by 𝑶(𝑲𝝐𝟐)
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