Quantum Probabilistically Checkable Proofs

.Unproven

.Classical PCP proven



Classical PCP (or just PCP
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Original statement of PCP

-Any language in NP can be verified, up to a constant probability
of error, by a randomised polynomial-time verifier who only reads
a constant number of randomly chosen bits from a polynomial-
size proof



Original statement of PCP

{(avb)r(~ravc)*(~bv~d)"....
a=0,b=1,c=1,d=1

.Verified by reading a constant number of bits in a polynomial
length proof



Original statement of PCP

dition, a group of graduate stu-
dents and young researchers
has discovered a way to check even
the longest and most complicated
proof by scrutinizing it in just a few
SPOLS.




Original statement of PCP




Gap statement of PCP

.the PCP theorem states that it is NP-hard to distinguish between
the cases when an instance of 2-CSP is completely satisfiable,
or when no more than 99% of its constraints can be satisfied

-Approximation is hard



Equivalence of original statement and gap view

.any language in NP can be verified, up to a constant probability

of error, by a randomized polynomial-time verifier who only reads
a constant number of (randomly chosen) bits from a polynomial-

size proof

it Is NP-hard to distinguish between the cases when an instance
of 2-CSP is completely satisfiable, or when no more than 99% of
its constraints can be satisfied



Putting the g in gPCP

NP — QMA

.CSP — Local Hamiltonian

.Constraint — k-local Hermitian

.Number of constraints violated — ground state energy



QMA recap

Definition 1.2 (The complexity class QMA) A language L C {0,1}" is in QMA if there exists a
quantum polynemial time algorithm V' (ealled the verifier) and a polynomial p(-) such that:

e Vx € L there exists a state |£) on p(|x|) qubits such that V' accepts the pair of inputs (x,|£)) with
probability at least 2/3.

e Vx & L and for all states |£) on p(|x|) qubits, V' accepts (x,|€)) with probability at most 1/3.



gPCP gap view

.Increases the absolute promise gap to be proportional to the
number of “constraints”
No

Yes



gPCP gap view

['=Q(1/poly(m)) — T = Q(m)



gPCP proof verification view

Conjecture 1.4 (Quantum PCP by proof verification) For any language in QMA there erists a
polynomial time quantum verifier, which acts on the classical input string r and a witness |£), a quantum

state of poly(|x|) qubits, such that the verifier accesses only O(1) qubits from the witness and decides
on acceptance or rejection with constant error probability.



gPCP proof verification view

Verifier — quantum verifier
Witness — quantum witness

.O(1) bits sampled — O(1) qubits sampled
.Last we'll see of this view...
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