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Outline



Preliminary

decide the language = solving decision problem



Circuit Model: logic & quantum gates

e.g.

Logic gate Quautum gate

e.g.



Circuit Model: Quantum Circuit

Quantum circuit
finite sequence of quantum gates.

e.g. Universal set



Complexity classes: P and BQP

e.g.

e.g.



Examples: k-fold Forrelation

[Aaronaon&Ambainis '14]



Complexity classes: NP and QMA

Merlin☥ Arthur♔convince

e.g.



Local Hamiltonian and LHP



Local Hamiltonian: Examples

Z⊗4

X ⊗4



Complexity class: #P

e.g.



Reduction
How to compare difficulty of different computational problems?

e.g.



Complexity Zoo

MPS/MERA Factoring k-LHP3-SAT k-fold Forrelation Permanent Decide gapped
or gapless

easy hard
PEPS

Separate or Collapse?

How to interpret these relations?



How hard is the local Hamiltonian?

Sometimes it is easier...



An approach to show a class of LHP is in NP

local operator



1D gapped LHP is inside P(NP)

[Hastings '07]



Is 2D gapped LHP inside NP?
Proof is missing...Area law is not enough

[Ge&Eisert '15]

[Schwarz&Buerschaper&Eisert ʹ16]

Since PEPS contraction
is #P-hard in general, 
PEPS is not enough

[Schuch&Wolf&Verstraete&Cirac ʹ06]	

[Schwarz&Buerschaper&Eisert ʹ16]

iPEPS or ...
[Jordan&Orus&Vidal&Verstraete&Cirac '08]
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