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Multi Qubit Gates
me e

a

C-Not Gate/Controlled NOT Gate .

C-NOT gate is a universal gate .

Like NAND gate ,
which isa

universal gate in the sense, any
bookan operation can be performed

king a NAND gate wo using

any
other basic logic gates.

C-NOT gate is a 2-qubit gate .

It has a control qubit (Istqusity

and a target qubit

Controla
Targets B

this gate produces a 10] if it
acts on 10) but flips the input if

i

action 117
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: <NOT 1007 = 100)

CNOT 101) = 100

CNOT 1103 = 111)

(NOT 1113 = 110)

This cambe

understood (NOT (a) @lb) = (a) @ (1b)Guy
WhereI means addition modulo2

CNOT can generate entanglement

CNOT (210) + b11] @ 10)

= a loo) + b1117

Matrix representations-

--

<001 <NOT 100) = 1

<011 CNOT101) = 1

< 101 (NOT11) = 1

(10) <NOT 11) =
1
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In the 1003 ,
1013 , 1103 , 111)

11) (2) 13) 19)
basis

(NOT = Do( &
=> VENOF(1)< 1 + 127 <2)

+ 137(4)
Check !

(NOT = 1
+ 19743)

CNOT gate is used to produce

an entangled state.

!
->

-110)
T

But now use CNOT at
Not entangled

the target bit andget
Entangled !

https://goodnotes.com/


CNOT is like XOR gate

XOR is having same addition

modulo 2 operation.

000 = 0

01 = 1

100 = 1

101 = 0

(2)=- (x)In general I12)- 130t)

P

Us lay & (b) = 16)0/)

-
2

b

Vs = 1007 2001 + 1107401 + 1014 %
- (11) <11
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·bitGateToffoli Late
two Econtrol
bir. tab

8 X8 Matrix

(100) (001 +
1013 201 + 110)Dol)I

+ (1)x)@X

for c = 0 ; < is flipped if AND
=

ab = 1 i. . e. a = b = 1 gatz
o. W I = 0

Apgate
- Fredkin
E

-
gate

--·
2

If control bit is 1 ,
this gate

interchanges two target
bits

.
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&

Circuitsin classical case ,
several

inputs having name output)
fanin/fan-outs are not possible .

1 + 0 = 1

#Half-AdderCirmit
0 + 0 = 0

0 + 1 = 1

(a)- 1 + 1 = 1 of Sum
↓

167 lasoas - Sum car e

10
-lab) - CARRY

as ab to iff
a= b = 1

&Craicomponenta Orach, Output

Measurement

Orack is live subroutine
in

classical programs.
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PremAlgorithms a components
① Input :- Linear superposition

of states -

② Quantum
parallelismin

③ Oracle : - A black box

① Measurement-
-

③ Oracle !-

Gotm
Ancilia

⑨ Measurements-Out one possible

state is measured with

a certain probability .

out of the allpossible

output states (ina Lineaetims
IDone usually in a

computational baris).
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~te Algorithms
Deutsch Algorithm

Let + : 10 , 13 - 201)
It cambe of two type

+ (0) = 0

Southf(l) = 0

↓ (0) = 1

f(u) = 0

al
,

fi
Banas

Can we design an algo to

know that the fu. belonge to

which type ?

Classically this can be down
by 2-queries
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if +1 = 0

if f() = 0

Print-- Constat

else

print- > balanced

if f(0) = 1

if f() = i

print constant

else print -> balanced

Deutsch Algo can do it more efficiently

A
T1) 1013

(f) = (0) + 1)) ](0)- (3)

If f(0) = 0

107 =? and f (1) = 1
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An attempt to efficiently
design a circuit.

E
F O

IFD =
1) @ =(0) - 11)

=E (x, 07 - 1x , 13)
101) ==(2,

00ts) - 118th)
= [it m =1

Concrete way of writing the same !
-

1017 = (1)
+(e) Mo)-laa
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(f) = = (100) - 101 + 10) = 1 117)
W

100 =Uf (F1) = E (100 - 101 + 111)

- 110))
I ↳

If f(0) = 1 and f(1l = o

this would have been
a"'ligh

Now implementing on Hadamard Lobic)
gate at top qubit

-f

()
One can show for f(0) = f(1)

this will be

10 ()
So

, if one measure
the 1st

qubit then one determines the

In type i.e. Constant or Balanced
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We can also write :-

"
- T

To Iy O ,

lio) =
10) & 117

(f)=
Of changes

the top qubit.
So

101) : (10)
+Est

Now check for different its
Let

, f(0) = 0 and f(l) = 0

=> 101=
and f(0) = 1 and f(1) : 1

= 10) e - 10)
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: forf cost

1017 =E
also for balanced

f(o) = 0

10 .3 = Ente,a
f(1) = 1

: I=
fels = 0
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