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- Whats quantum good for ?
"

?t
← """able classically because of the maras

they require

- Spectacular promise
of quantum is to enable new algorithms for these problems
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)- Solves factoring t discrete logarithm problems .

- Break RSA encryption
- Closely related to finding a

hidden sbbgrovp

ZOGrover-sqvawk.in#earh
- Quadratic speedup over classical÷: :#-Scieverywhere! - speed uplotsotalgos !

✓ Extract statistics on
unordered set (mini mean , . . . )

u Speed up some algos in NP requiring search
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requirement already that quantum algor are better than classical

- reqÉspecial insights and forks
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4.3 Controlled operations /
-

"

If A nine thndo B
"

-

-How la- complex controlled operations be built from quantum circuits using elementary operations ?

-It control qubit is 117
, target i. flipped , otknrie do nothing.

* %:)
-
: : :

- More general :

"'"

let U an arbitrary single qubit unitary operation .
Controlled uh is the saw as Cnut but with U .

g-
117

A-
- unlike ideal classical gates, ideal quantum gates don't have

'

high impedance ' inputs.÷- Role of control t target on arbitrary .

④ -④-•-☒-

.☒¥- = In this basic
,

the target I control
Lam interchanged roles .

where I -17 1+7 → 1+71-13 -

I - 21+7 → 1-71-17

1+71-7 → I -71 -7

1- 2 I -7 → It > 1- )

with basis

1+-7=-1107+-11 >Nra
-



How to implement controlled - U for arbitrary unitaryU ?

-

From Cor
. 4.2 on pg .

176
,

ÑÉ☒☒T, um A0M
F-

- first step is to phase shift
exp / in) outage, qubit, controlledby control qvitbit

1007-10-07 , 101¥ >
, 110 > → eid /Iu )

,
111>→ei✗
-

- Suppose control qubit is at i

then ei ' AXBXC = U is applied to 2nd qubit.
-

'

spowÑ#thin ABC = I applied to 2nd qubit .

.

FÉI =

-
- i _**-④-

What about conditioning on multiple qubits ?

Spose - Lou nth qubits and U is a
d- qubit unitary operator .

Then

÷÷"""""÷÷\
-

Eyt •- special
notation

&µn:S { ¥⇒| , qt ,

for ↳ 2
,
don't yet know

how to perform arbitrary operations on

k qubits .
Above trick

won't work .

-



2contnlqubitopc-atiors.is
pose U is a single qubit unitary operator, and ✓ is a unitaryoperators . f.

-

-

Ñ=U
. Then C' (a) can be implemented by
-•

¥☐÷=T¥¥-
-

-

(special case
where V://.it/-I+iX)/-z

is the Toffoli gate)

( Indeed ,

V2 = ✗
,

on may verify
the above gate is Toffoli gate /

Ina classical context
,
this is remarkable .

- land2 bit reversible gates aren't enough to implant Toffoli gate in a classical
seHÑ much less universal computation
- Ultimately , any unitary operation can be composed into an arbitrarilygood approximation from just Hadamard

, phase, controlled
-Not
,
and "T8 gates .

-
-
-
-
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4owtoiyt-ga.sihpk circuit to do so is as follows :

control qubits ( lez)•_
-

hi 107

work

qubits { 107
target --_
qubit

(

-

produces product 14 - G - C
,

- ' 4. Is> ,
and U isfhnappliidit product is 1

.

Then work qubits switched back to zero .

These examples has been conducting conditional dynamics if control

bits are set to one .
But the is nothing special about one ,

-

-④-
= -1-0-

c-NOT w/ zero
conditional . .
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