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Primary aim using a Quantum Computer

• Simulate dynamics of a Quantum system

• More efficiently than a Classical computer !

• Trotterization

• Even for higher order Trotter-Suzuki approximations, error scales polynomially

• Can we do better?



• Decompose the Hamiltonian into a linear 
combination of Unitaries (𝐻𝑙)

• Split the Evolution operator into 𝑟 segments

• Approximate each segment with a Taylor 
expansion up to Kth order

• Implement ෩𝑈 (𝑈𝑟)

Note: 

The operator ෩𝑈 may not necessarily be Unitary

Linear Combination of Unitaries
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• Prepare the auxiliary qubit in a 
superposition state 

• We can repeat this procedure 
multiple times for each segment 
𝑈𝑟 and thereby apply the 
Evolution operator

Note:
Probability of success is very low



Recap: Grover’s search algorithm (Amplitude Amplification)

• Initial state can split into the desired state and an 
orthogonal subspace with the remaining components

• Step 1: Reflect about the bad subspace

• Step 2: Reflect about the initial state

• Therefore, we end up rotating the initial state by 𝜃 
where, 𝜃/2 is the initial angle
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Oblivious Amplitude Amplification

• We can tune 𝑠 by choosing 
the number of segments 𝑟

• This process is oblivious to 
the system state 𝜓

• Applying operator 𝐴 is 
equivalent to implementing 
𝑈𝑟 ≈ ෩𝑈 on the initial state 𝜓



Effect of Non-Unitarity

• Unitary operators are not closed under addition

• But if we are able to bound the error in ෩𝑈 up to 𝑂 δ  then we can implement the 
evolution operator with an error of 𝑂(𝜀)  (where, 𝜀 = 𝑟𝛿)

Topics not discussed here:

Time-dependent Hamiltonians
Gate complexity of implementing the above discussed operators 



Summary

• Primary aim using a Quantum Computer

• Simulate Quantum systems 

• Trotter-Suzuki algorithm

• Error scales polynomially

• LCU

• Express time-dependent Hamiltonian in terms of Unitaries

• Break the Evolution operator into segments and approximate using Taylor expansion

• Implement each segment ෩𝑈

• Oblivious Amplitude Amplification

• Effect of Non-Unitarity

• Time-dependent Hamiltonians

• Gate complexity



Benefits of LCU

• No special Hamiltonian form required

• Exponentially improved performance

• Not limited to Hamiltonian Dynamics, also used in Quantum Machine Learning, Thermal 
state preparation, Quantum Differential Equation solvers, etc.



Can we do even better?



Qubitzation
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