
LECTURE 7 (February 7)

TODAY Quantum Lower Bounds via Polynomials

RECAP · cosimono = <1"1 fh is a 1-to-1 function] where O applies fix)
for inputs of length in

cosimon" E BQPU

O

By enumerating all NP-Oracle machines M , Mz , .... => cosimon NPU

we can choose an fri sit . Mi fails on input Iti

· structuredsearch problem : Given black-box access to f : 20 , 13" -> 20 , 13

find if f = 0 or = x St. f(x) = 1

Grover's algorithm -> Can decide this with 0(2") quantum queries

=> Is there a poly(n)-query quantum algorithm ?

NO ! Any quantum algorithm must make &(2") queries

=> NP" & BQP"

We will introduce a general technique that can be used to prove lower bounds

for quantum query algorithms for many kinds of problems

The polynomial method
---

Quantum query algorithm had access to a unitary Uf : 1) -> (1) f*Y ly) for ye 30,3"

To use the polynomial methodo we will assume that the quantum algorithm
has access to

O : (i) - x; (i) where it [N]
X

xi < El 13 and N =2

This is exactly the same asUf where we view the string X = x..... XN E EIIN
the truth table of f (with II values instead of 011)

Let us consider the unstructured problem in this new notation

Previously f = 0 or 5xs . t. f(x) = 1

NOW x = IN or 7 a bit i s
.
t
. xi = -1

-

--

ORLX , .... XN) = O OR(X ,.. .. XN) = 1 if we view 1 = False

-1 = True ①










