
LECTURE 5 (January 31)

ECAP Theorem BQPIPP where PP = probabilistic poly-time algorithms w/error < I2

We converted a circuit that takes n-bit inputs and uses 4 Hadamard gates
into a tree with 2" leaves
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Theme for the next few Lectures Quantum Advantage - How to establish it ?
L
How to show that there is no

L advantage ?

What sort of structure is

needed for quantum advantage ?

TODAY Intro to oracle separations & query complexity
BQP vs BPP

How do we show that BQP is more powerful than BPP ?

or Other classical complexity classes ?
or that BQP can not solve NP-hard problems ?

· Proving unconditional separations is out of reach

· Proving separations based on standard assumptions
such as PINP, cryptographic assumptions
is also extremely difficult

· Oracle or Black-box separations => still very difficult in many cases

Show that 7 oracle O s .
t. BQPO # DPpO

Disclaimer: Oracles increase the computational power of classes differently
Son this is only a heuristic

For instance,7 complexity classes A
,
B s .t . A = B

but - Oracle O s .
t. AU BO

So
,
what is the point ?

Showing black-box separations reduces to unconditional separations for query algorithms
L
I Understanding algorithms in this simplified model gives useful algorithmic ideas

L
and can also lead to a candidate for quantum advantage in the real-world

If separations don't hold in the simplified model, it gives indications that new
principles are needed to establish unconditional separations

VeryAlgorithms

suppose we have an oracle Of that computes f : 50 , 13" + 20 , 13

To use this oracle as part of the quantum circuit we must define a unitaryUf
that implements calls to the cracle

Moreover, ideally if we have an efficient quantum circuit for f , we should be able

convert it into an efficient quaktum circuit for if ②










