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Verifying proofs

Did dinosaurs exist?




Soundness

Did dinosaurs exist?



Completeness

Did dinosaurs exist?

YES?

Accept

a genuine proof
without a doubt.



NO? YES?

Still don't Accept

get fooled a genuine proof
easily. without a doubt.
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The QMA protocol
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YES? Accept a good proof with p>a. |

NO?  Probability of accepting p< b.



The QMA protocol: amplification
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YES? Accept a good proof with p>a. |
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MA with one-sided error

perfect classical
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QMA? Almost there ...
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Probabilistically apply an unknown correction with M’s help.
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What is hard for NP?
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B 3-SAT is NP-complete. [Cook, Levin]



A QMA-hard problem?
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The history state is a ground state A local Hamiltonian
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Checking proper computation Antisymmetry checks.

m uniform superpositions: zero-energy eigenstates
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Checking proper computation
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Checking proper computation
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Constructing local clocks
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Constructing local clocks

® the domain wall —@—@%‘Q_—Q— transitions:  3-local
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Constructing local clocks

® the domain wall —@—@—@—O—O— transitions:  3-local
2-qubit gates: 5-local
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Local Hamiltonian: putting it all together
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history states

a polynomially small gap
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Circuits & ground states
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of quantum 3-SAT
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Circuits & ground states
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a frustrated instance
of quantum 3-SAT

CNOT H&T

a verifier circuit which doesn't like to accept anything




Run the clock, apply 2-qubit gates ... 3-locally?
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Constructing clocks
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Making a composite clock with 2-local progress
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Even larger superpositions
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Even larger superpositions
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Even larger superpositions - to identify time 1-locally.
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Applying 2-qubit gates 3-locally
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Applying 2-qubit gates 3-locally
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Applying 2-qubit gates 3-locally

[Feynman'’s paper]
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A double-slit experiment
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Can we make it work with a domain wall?

m a domain wall switch?
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Can we make it work with a domain wall?
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2D clocks (with two registers)
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2D clocks (with two registers)
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2D clocks (with two registers)
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m add non-commuting (data) operations
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2D clocks (with two registers)

m add non-commuting (data) operations




2D clocks (with two registers): fixing the mess

B remove some transitions
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2D clocks (with two registers): fixing the mess

m condition transitions on a data (control) qubit

control; O



2D clocks (with two registers): fixing the mess
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2D clocks (with two registers)

m condition transitions on a data (control) qubit
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2D clocks (with two registers)

m thereis no “bound” ground state (©X don't commute)
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2D clocks (with two registers)




2D clocks (with two registers)




2D clocks (with two registers)

m like a railroad switch... with a guaranteed single active site
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connect certain states
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projection lemma




projection lemma

no solution?
all states have
a high energy




quantum 3-SAT
is QMA,-complete

[Gosset, N. "13]
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random

clauses HJ












product solutions

%<O92



* Lovasz local lemma

a lower bound for
large k-local clauses







a fixed hypergraph of clauses

anim SAT




a fixed hypergraph of clauses

classical S AT




t another hypergraph
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classical case

# of solutions random




1 adversary S AT worst
classical case
fix a random hypergraph
are there killer clauses?

# of solutions

[Bardoscia, Scardicchio, N.]



1 adversary S AT worst
classical case
fix a random hypergraph

are there killer clauses?

# of solutions random Q-SAT: no solutions

How can we show that

there are no solutions?




adversary SAT

fix a hypergraph
count solutions
look for killer clauses

greedy




adVe rsary SAT start balanced

fix a hypergraph
count solutions

look for killer clauses
greedy
annealing




adVe rsary SAT start balanced

fix a hypergraph

count solutions

look for killer clauses
overkill

annealing
restarts

[Bardoscia, Scardicchio, N.: arXiv: 1310.0967]
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