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Main theorem
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Hamiltonian Simulation
- Overview -
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Standard form

• Since H is not unitary, we encode it as a block of a larger unitary U:

• The signal oracle U lives in a bigger Hilbert space, combining ancilla space and system space:

• To retrieve H, we use an ancilla signal state              in the standard-form encoding:
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Standard form

Example:



• Turning H into a unitary U:
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Standard form

Example: Linear combination of 2-qubit Pauli strings: 
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Standard form

•  
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Standard form

• In general, the action of U on a signal state is:

• For eigenvectors         :

• This defines a subspace for each eigenvalue:

with
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Quantum Signal Processor

•  
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Quantum Signal Processor

• Example:

       

       

       

       

       

       
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Quantum Signal Processor

 Solution: The iterate W

• W is another H-encoding, i.e.   , but is constructed in a way that also satisifes
something like:

• Idea: For each eigenvalue, W performs a controlled rotation in the subspace

• Rotation by exactly: 
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Quantum Signal Processor

    

• Predictable, independent evolution of each eigenspace

• The evolution depends only on the corresponding eigenvalue
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Quantum Signal Processor

• Iterating W yields:

 We can produce polynomials of H using W!                         
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Qubitization

• But we don‘t have access to the eigenvalues/eigenspaces

 We don‘t need to!
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Qubitization

• Start with the ansatz , where              is a reflection about  

• For now, assume that , i.e. that U is also a reflection

• Remember the action of U on an eigenstate: 

• And using   , , we find the action of U on the orthogonal state:

• Combine these to see that 
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Qubitization

• Start with the ansatz , where              is a reflection about  

• For now, assume that , i.e. that U is also a reflection



 We obtain the rotation W again!
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Qubitization

•  
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Quantum Signal Processor
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Operator function design

• How to get operator functions out of W?

• Our building block will be the phased iterate

with

• Instead of adding powers of W, phased iterates are multiplied to form a valid quantum circuit:

• Note: To achieve more general functions, a more complicated version of this is needed
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Hamiltonian simulation

• The functions that can be obtained are real-valued polynomials of degree Q

• There are some restrictions on which polynomials exactly

• We can approximate the time-evolution by truncating after         terms

• Actual decomposition of the time-evolution: 
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Simplifications

• We do not need to know |G>, only its oracle function

• H could be only normal instead of Hermitian

• QSP requires H to be bounded with ||H|| <= 1. But if it is not, we can rescale time   to get
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Comparison with other methods
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Conclusion

 Using the unitary standard-form encoding of a Hamiltonian H, the iterate W was constructed

 W performs controlled operations on each eigenspace of H separately

 By combining „tuned“ versions of W, the phased iterates, polynomials of H were constructed

 With a careful choice of phases, the time-evolution operator appeared as a product of phased iterates

 The construction uses optimal oracle queries to G and U for given error and simulation time
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Sources

• https://quantum-journal.org/papers/q-2019-07-12-163/pdf/

• https://pennylane.ai/qml/demos/tutorial_lcu_blockencoding/

• Nielsen, M.A. and Chuang, I.L. (2010) Quantum Computation and Quantum Information

• https://www.wikipedia.org/

https://quantum-journal.org/papers/q-2019-07-12-163/pdf/
https://pennylane.ai/qml/demos/tutorial_lcu_blockencoding/
https://www.wikipedia.org/
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- Thank you for your attention -

And special thanks for their advice to:

• René Wolters

• Markus Heinrich

• Felix Motzoi



Institut / Lehrstuhl / Dezernat 17.07.2026 30



Institut / Lehrstuhl / Dezernat 17.07.2026 31



Institut / Lehrstuhl / Dezernat 17.07.2026 32



Institut / Lehrstuhl / Dezernat 17.07.2026 33



Institut / Lehrstuhl / Dezernat 17.07.2026 34



Advanced Seminar on Quantum Computing [SoSe26] 17.07.2026

ADVANCED SEMINAR ON QUANTUM COMPUTING [SOSE26]

HAMILTONIAN SIMULATION: 
QUBITIZATION & QUANTUM 

SIGNAL PROCESSING
based on a paper by Guang Hao Low and Isaac L. Chuang (2019)

Presented by Vincent Borlisch



Institut / Lehrstuhl / Dezernat 17.07.2026

Fo
to

: G
re

go
r 

H
üb

l


	Advanced Seminar on Quantum Computing [SoSe26] Hamiltonian si
	Motivation
	Motivation (2)
	Motivation (3)
	Main theorem (2)
	Hamiltonian Simulation - Overview -
	Standard form
	Standard form (2)
	Standard form (3)
	Standard form (4)
	Standard form (5)
	Quantum Signal Processor
	Quantum Signal Processor (2)
	Quantum Signal Processor (3)
	Quantum Signal Processor (4)
	Quantum Signal Processor (5)
	Qubitization
	Qubitization (2)
	Qubitization (3)
	Qubitization (4)
	Quantum Signal Processor (6)
	Operator function design
	Hamiltonian simulation
	Simplifications
	Comparison with other methods
	Conclusion
	Sources
	- Thank you for your attention -
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Advanced Seminar on Quantum Computing [SoSe26] Hamiltonian sim
	Slide 36

