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If you like complexity theory:
. Big Open Questions: Parity € QACY 2 AC" € QACY 7

* C(Classical: Constant depth hierarchy
Quantum: All or nothing

 Forced to find techniques beyond light cones.

SoE

If you like real life:

* Noisy Intermediate Scale Quantum Era: practically limited to O(1)-depth.

* Are Quantum supremacy experiments viable?
Rely on Quantum Fourier Transform, highly entangled symmetric states.
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s Equivalent in QAC" to Parity

e Fanout: |0)|0") — [0)]|0™), [1)]0") — |1)|1")
State synthesis

1 1
o GHZ / Cat states: ‘%ﬁﬂ =—10") 4 | 17)
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1 1
e Nekomata (correlated classical bits): 5 | 00" | + 5 | 17 (1"

Classical functions ¢ ACY[2]

e Modular arithmetic for any p

* Majority: Isx; +x5...x, 2 n/27?

\_

[M0o099, GHMPO2, HS05, Ros21, GM25, HS0S5, FPY25, GGJ26]

QACI?Nf (with fanout)
Contains

e Allof TC'. (AC’ C TCY)

* Quantum Fourier Transform

* Arbitrary symmetric states,
arbitrary O(log n) qubit states
and more...
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Reversible AND

X1) X1)

X,) X,)

| X3) . | X3)

| b) b ANDX) -{H-@—H}

Single qubit unitaries — no special output

Reflections about product state
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2. AC" circuits simplify under restriction

Proof of Clean-Up: Quantum Restrictions

1. Parity is not always invariant under quantum restrction

| +) < |0)+ 1)

| X5)

| X3) U
: p=1/2

2. QAC" doesn’t always simply under classical restriction

Us=1-26){0],

Subspace orthogonal to |5)S ?

Restrict to two qubit state to preserve parity and simplify circuit!
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Thank you
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