INTRODUCTION

Quantum supremacy Is expec

cally change modern computi
ical iImplementation 1s difficu
ture of qubits.

ed to drasti-

ng, but phys-

t due to na-

Due to limitations, there is Increasing inter-
est In Noisy Intermediate-Scale Quantum

technology (50-100 qubits).

In 2017, Bravyl, Gosset, and Konig publish
"Quantum Advantage of Shallow Circuits"

Authors prove quantum circuits are more

howerful than classical ones, without com-
nlexity theory assumptions. In particular,

2D-HLFP ¢ QNC"\ NC".

We illustrated the importance

~

of the nonlo-

cality property in shallow quantum circuits
by proving some of their results for some

small examples.

QNCY

2D-HLFP
NC"

NC° = complexity class of all poly-size circuits of

O(1) depth with bounded fan
QNCY = quantum analog of NC"

-In gates

HIDDEN LINEAR FUNCTION

PROBLEM

Hidden Linear Function Problem (HLFP):

Glven: quadratic form g : F — Z,,

q(x) = 2 Z Ajixix; + Zbkazk,
k=1

[<i<y<n
where xy, A;;, by € F5.

Find: 2 € F% such that ¢(z) = 22"«
Vo e L, where £, denotes the set

{frelFy|qrdy) =qlx)+qly

2D-HLFP:
Let G = (V, E) denote the N x

),Vy € Iy }.

N grid graph

and A € {0, 1}¥! be its adjacency matrix.
Given: quadratic form q IF’V' — 7y

) =2 Z xuvaer T,

(u,v)eR veV

where b € {0, 1}V
Find: z € IF'QW such that ¢(z) =

22" x,Vx € L,
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BACKGROUND NONLOCALITY PROPERTY
Quantum logic gates used In circult Qu: Nonlocality: a form of correlation present
- - i i In the measurement statistics of entanglec
1 0
H = |2 V2|, 5 = | guantum states that cannot be reproducec
el | 0= by local hidden variable models.
0 1 0 —17] Example: Let G describe the graph below
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Definition: Let G = (V, F) be a finite simple
graph with |V| = n and |E| = m. Suppose
that a qubit Is associated with each vertex
of G. The n-qubit graph state of G is Let b := bubyb, € {0,1}° and define
T(b) = {z € {0,1}" | (2| H*"S,S,Syr|oc) # 0}
N XN | nn
Pc) = H CZu | HZ0"). Claim: Let b = bbb, € {0,1}° and z € T(b).
(u,0)€E Then mpmpm; = 1. 1t b, Db, Db, =0,
bu+by+by Dut oy O
Fxample: then ¢ mumvmmemRmBm = 1.
(O)—C)r—06) Lemma: The stabilizers of |¢q) are
V _ {1’ 27 3}7 E _ {(17 2)7 (27 3)7 (37 2)7 (27 1)} X’LLXUXUM _X’LLY;}YUJXCLXCD _YUXUYanXb7
66) = CZ1oC Zoy HE0) and — Y, Y, X, X, X..
_ 1 . -
= —5(/000) +1001) 4 ... + [111)). Measurements on classical local circuits
cannot simultaneously satisty these nonlo-
Claim: For finite simple graph G = (V, E), cality identities!
bq) 1S a stabilizer state for the stabilizer
roup generated by the operators | _
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