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Quantum Systems
Computing quantum systems is hard!

“Computing”:

“Hard”

More precise: Exact quantum simulation scales exponentially in system size on
                             a classical computer.
        

What can we do?
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e.g. ground state

e.g. dynamical correlations



Digital Quantum Simulation (DQS)
Solution (Feynman 1981): 
New type of computer based on principles of QM!

Provides an exponential speedup for solving
the time-dependent Schrödinger equation (Lloyd 1996)

But (surprisingly!) also to other problems:
• Shor’s Algorithm (1994) -> Factorization 
• Grover’s Algorithm (1996) -> Unstructured search 
• Harrow–Hassidim–Lloyd algorithm (2008) -> Linear Eqs. 
• Quantum Singular Value Transformation (2018)
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How does a quantum computer work?



Crash Course Quantum Information Processing
• Qubit:

• Several qubits:

• Computations: unitary transformations (quantum gates) 

• Required: Universal gate set, e.g. single qubit rotations + CNOT

• Algorithm: Combination of gates that solve a computational problem

• Graphical representation,
”Circuit model”
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DQS: Solving the time-dependent Schrödinger eq.

Great! Problem solved, right?
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F. Tacchino, PhD thesis (2019)

• Step 1: Map the Hamiltonian

onto an equivalent Pauli Hamiltonian

• Step 2: Decompose terms in Pauli 

Hamiltonian to native gate set.

• Step 3: Run time evolution circuit, measure 

observables and map back to original model



NISQ era
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• Modern Quantum Computers are: Noisy Intermediate-Scale Quantum (NISQ) devices

• Limited qubit count (record as of now: ~ 1000 qubits) ”length”

• Noise limits “depth” of quantum circuits (~ 100 gates/qubit until total decoherence)

• Limited connectivity (some platforms)

What can we do? -> Error Correction!
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