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▶𝑁-qubit wave function:

➔ Storage requires (complex double precision)16 × 2𝑁 = 2𝑁+4 Bytes of RAM 
▶Large-scale simulations require handling of distributed memory

➔ Local qubits: corresponding amplitudes stored on the same GPU
➔ Global qubits: amplitudes distributed over different GPUs
➔ MPI communication for data transfer

Jülich Universal Quantum Computer Simulator - JUQCS

Implementation

▶ Overall very good performance
▶ Can compare ideal QA to existing quantum annealers

➔ Depending on problem instance, results can be very different
▶ Study various influences for ideal QA (annealing schedule, embedding, …)

▶1-, 2- and 3-qubit gates require 2-, 4- and 8-component updates of state vector [1,2]
▶For quantum annealing (QA), solve time-dependent Schrödinger equation via time stepping [3]

➔ Efficient approximation of time-evolution operator yields 1-, 2- and 4-component updates
▶Efficient MPI communication scheme [1,2]:

➔ Swap local and global qubit by exchanging half of the amplitudes between pairs of GPUs
➔ Keep track of local and global qubit indices instead of transferring data back and forth

Fig. 2: Performance benchmark of JUQCS on JUWELS Booster [4]. Weak scaling (left): The number of GPUs is doubled with each added qubit. Strong scaling (middle and right): Number of qubits is constant but number of GPUs is increased.

Considerations

▶  High-performance quantum computer simulator; very good scaling
▶  Study quantum algorithms, e.g. QAOA [4]:

● Initialize variational parameters according to discretized quantum annealing schedule (AQA [4])
➔ Scaling with system size depends on choice of discretization parameters (but still exponential)

● Optimize variational parameters for a “small” instance and reuse
● Optimize variational parameters for each instance (standard QAOA) → costly, and optimization can get stuck
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Fig. 4: Comparison of success rates/probabilities of (simulated) quantum annealing and the D-Wave DW_2000Q_6 quantum annealer.

Fig. 1: RAM required to store the state vector.
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Fig. 3: Success probability of QAOA and AQA as a function of qubit number.

Fig. 3: Performance benchmark of JUQAS.
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