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The Quantum
Stack

Computing

5 Applications

3 Algorithm, C-
YOU are
Here !

2 Circuits

4 Hardware

1 Mechanics



Algorithms
e×¥ii:

- Deutsch 's
not

useful

- Grover 's useful
Quadratic

- Shor's Useful exponential

- VQE (maybe)



Contrived Problem

Difficult
to compute

f( × )

D% Ranges
>0 to) = 0 or I

1 > It f( 1) = 0 or I



Want to know

Does d- (01--1-4) ?

evaluate evaluate
classical Approach

2 evaluations

Deutch's Algorithm

1 evaluation



Naive Quantum Approach
oracle

10 ) H fad ✗

It> 1-(1-12)

Probabilistic → Deterministic



Superposition

Phase - Kickback

Deutch's
"

Algorithm



Superposition
Hadamard

+1102=11-7

Lame ,+> =¥qio%④i% )
Sian

HI -12=107

1-1112=1-1
Different phase
- 1-7=1%(+102-0117)Sian

HI -1=117



Entanglement

- How we Analyze qubits

- Outcomes of Measurement

separability



Control

Entangled
act

190 > = H to > = It >
CNOT

Iq , > = ✗ 107=117

19,901=111-7--11 > ☒ ¥ (102+112)=1'°

c.NOT / It > = 10¥10>



1990) = ¥+10.1>



What is separable ?

/9.) = a / °> + b / 1) 1%7=40> tdll >

19,902=(9107+6117) ☒ Flo> +dli >)
= acloo) 1- ad /01> + bello> tbdll)- -

can you find a set Of Values a ,b /Cid

(Not
That satisfy

a c = 0

from
earlier
191902 = 110 > +101>

ad = I

:& :b



Entangled

I
Inseparable



Importance of Phase

42 V2

It) = # ( IO) -111> ) same result

when

1-> = ⇐ Iii> - iii ) measured

H / f) = to> Different result

H I -) = 117 When operated on



Phase kickback

what is

90 and 9 ,

after these gates ?



Kicking Phase Back !

-

19,902=1--1 >
-

1-+7=1-30×1-1)

=É( to> -112 )# (102+117)
= { (10171-1017-1107-1112)



Kicking Phase Back !

-

19,902=1--1 >
-

1- + > =±( 1017+1017-110>-1112)

CNOT / - t > =



Keyword : Parasite



Control changed ?

-

19,902=1--1 >
-

CNOT / - + > =/ - -)

control Phase changes

Action state change ,
confusing !



Deutch's Algorithm

4.

Measure

1. Super 2. Phase 3 . Phase

-Position kickback
→ state

Result



Deutch's Algorithm

-

In just 1 call to f using our
Oracle

,
we find if

to)=f( 1) or to) =/ f- (1)



Oracle
inputs outputs

- Black box
→

- Generalization

→
- Only care about input

and output

oil oil

UFIY > IX) = ly ② f-(x ) > Ix)
similar to [Not

CNOTIY > Ix) =/ y ② × > Ix)


