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Why do we need Quantum Computers? Because they can help us solve complex problems, but not
necessarily NP-Hard [I] problems. There are two main paths for the research regarding Quantum
Computers: one has to do with developing algorithms, and the other is the construction of such
hardware that help us in running such algorithms. Quantum computing began in 1980 when physicist
Paul Benioff proposed a quantum mechanical model of the Turing machine.[2] Richard Feynman,
and Yuri Manin later suggested that a quantum computer had the potential to simulate things a
classical computer could not feasibly do.[3][4] In 1994, Peter Shor developed a quantum algorithm for
factoring integers with the potential to decrypt RSA-encrypted communications. Despite ongoing
progress, many still believe that fault-tolerant[5] quantum computing is still a distant dream. In this
paper Part I, we’ll see the basics of Quantum Computing and Quantum Gates, Qubit Systems and
their measurements and Quantum Entanglement. In the Part 11, we’ll see some Quantum Algorithms
that use the above mentioned properties, namely the Quantum Key Distribution ,CHSH Game and
Quantum Teleportaion.

I. INTRODUCTION Labs ,They greatly reduce the errors , but their

existence is not yet confirmed.
A. Quantum Computer
e Diamond Vacancies, used by Quantum Diamond
Technologies, They can be operated at room tem-
perature, but are very difficult to entangle.

Quantum Computing is a computing paradigm that
exploits quantum mechanical properties, such as super-
position, entanglement, interference of matter in order to
do calculations. It is not possible to commercially pro-
duce and maintain a Quantum Computer. The main rea-
son is the property of Quantum Decoherence. Quantum

Elements of a Quantum Circuit

Every computation has three elements: data, opera-
tions and result.

Decoherence is the loss of coherence or balance of a Quan-
tum Particle on its exposure to the environment. If ther-
mal energy is continuously lost, then the Qubit spin slows
down and results in inconsistent measurements. Notably,
quantum computers are believed to quickly solve spe-
cific problems that no classical computer could solve in
any feasible amount of time—a feat known as ”quantum
supremacy.” Various organizations have made their quan-
tum computer using different technologies in the hope
of achieving Quantum Supremacy.The field of quantum
mcomputing explores how to devise and implement quan-
tum software that could enable learning that is faster
than that of classical computers.

e Superconducting Loops , used by Google and IBM,
They are fast, and are build on an existing semi-
conductor industry, but they must be kept cold be-
cause the collapse early.

e Trapped Ions , used by Icon-Q, They are very sta-
ble, and have highest achieved gate fidelities, but
they are slow and need many Lasers to work.

e Silicon Quantum Dots, used by Intel, They are sta-
ble, and build on an existing semiconductor indus-
try, but only a few are entangled and they also must
be kept cold.

e Topological Qubits, used by Microsoft and Bell

In a Quantum Circuit, the data is encoded in the
Qubits, the operations are the Quantum Gates that we
apply. which are Unitary transformations, and we get
the result by measuring the Qubits.

B. One-Qubit System

A classical bit can take two different values (0 or 1). It
is discrete. A Qubit can ”take” infinitely many different
values. It is continuous, Qubits live in a Hilbert Vector
Space, with a basis of two elements that we denote |0)
and [1). A generic qubit is in a Superposition when,

|¥) = |0) + B[1)
where a and § are complex numbers such that
o + [8” =1

Measuring a Qubit is the only way to get concrete in-
formation from our Quantum Circuit. The result of the
measurement is random and when we measure, we only
obtain one bit of information. We cannot perform sev-
eral independent measurements of |1)) because we cannot
copy the state (aka the No Cloning Theorem)][6]



1. Quantum Gates

Quantum Mechanics tells us that the evolution of an
isolated state is given by the Schrodinger equation

HOI(0) = i 16(0)

In case of Quantum Circuits, this implies that the op-
erations that can be carried out are given by unitary ma-
trices. That is, Matrices U of complex numbers verifying

vut=vu =1

where UT is the conjugate transpose of U.

Each such matrix is a possible quantum gate in a Quan-
tum Circuit.

Consequently, all the operations also have an inverse,
and we term this as”Reversible Computing”. Every
Quantum gate has the same number of inputs and out-
puts. Not to be confused with the classical gates. How-
ever, we cannot directly implement some classical gates
such as OR, AND, NAND, XOR. What we can do is sim-
ulate any classical computation with a small overhead.

2. One-Qubit Gates

When we have just one qubit |¢)) = «|0) + S|1), we
usually represent it as a column vector

(5)

Then, a one-qubit gate can be identified with a matrix

o= 3
9699

where @, b, ¢, d are the conjugates of Complex numbers
a,b,c,d.

We can see the action of a One-Qubit Gate by sim-
ple matrix multiplication. A state |¢)) = «|0) + 8|1) is
transformed to

(e 0 (5) = (axh)

hence, the state |1} is transformed into the state |[¢)) =
(ace + b6)|0) + (ca+ dB)|1)

Since the U is unitary , it also holds(the probabilistic
sum)

that satisfies..

[(aa+bB)* + [(ca+dB)|* =1

C. Two-Qubit Systems

For a two-qubit system each qubit can be in state |0) or
in state |1). So for two qubits we have four possibilities:

10) ©10),10) @ [1), 1) ©10), [1) ® [1)

that we also denote by:

10)10),10)[1), [1)10), [1)[1)

or

|00}, |01), |10}, |11)

and there are superpositions in this case, so a generic
state is

) = @0|00) + @01|01) + a10[10) + a11[11)

where a;, are complex numbers such that

1

Z ‘Oéary|2 =1

z,y=0

Measuring a two-qubit system is similar to that of a
one-qubit system. Suppose we have a state

‘w> = 0400|00> + a01\01> + CM10|10> =+ 0411|11>
If we measure both qubits, we will obtain:

e 00 with probability |ago|? and the new state will be
100)

e 01 with probability |ap;|? and the new state will be
01)

e 10 with probability |10/ and the new state will be
10)

e 11 with probability |a1;|? and the new state will be
11)

It is analogous to to what we had with one qubit, but
now with four possibilities.

Two-qubit state and vector representation
A general two-qubit quantum state is

1) = cg0|00) + o1 |01) + 10|10 + ag1|11)

We can represent with the column vector.



We can compute the inner product by noticing that

(00]00) = (01]01) = (10]10) = (11|11) = 1

(00[01) = (00[10) = (00|11) = ....... = (11/00) =0

A two-qubit quantum gate is a unitary matrix U of size
4% 4.

The simplest way of obtaining a two qubit gate is by
having a pair of one-qubit gates A and B acting on each
of the qubits.

In this case, the matrix for the two-qubit gate is the
tensor product A ® B

It holds that

(A® B)(|¢1) @ [12) = (Alr)) @ (Blibz))

Either A or B may be the identity.

D. Multiple Qubit Systems

For a n-qubit systemm, When we have n qubits, each
of them can be in state |0) and |1) Thus, for the n-qubit
state we have 2™ possibilities:

000........0Y,]000.......1), co........ RS- 1)

or simply

A generic state of the system will be

|’¢> =a0|0>—|—041|1>—|— ...... —|—O¢2n_1|2n—1>

Measuring a n-qubit state
If we measure all its qubit, we obtain:

e 0 with the probability |ag|? and the new state will

be [00......... 1)

e 2" — 1 with probability |agn_1|? and the new state
will be |11.......... 1)

Measuring one qubit in a n-qubit state
We have

|¢)> :a0|0>+a1|1>+ ...... +042n_1|2n71>

If we measure the j-th qubit We will get 0 with prob-
ability

D ladl?

i€l

where [y is the set of numbers whose j-th bit is 0.
In that case , the new state |¢)) will be

ZiGIO ;i)
ZieIO |ovi |2

E. Quantum Gates

1. X-Gate

The X gate is defined by the unitary matrix

It’s action is denoted in the quantum circuit notation
is denoted by

0) === [X]=—=11)

1) == —-[X]===10)
Hence it acts like a classical NOT gate.
On a general qubit its action is
al0) + B[1) — —=[X] = =B|0) + al1)
2. Z-Gate

The Z gate is defined by the unitary matrix
1 0
0 -1

0) === 2] == —10)

It’s action is



3. H-Gate

The H or the Hadamard gate is defined by the unitary

matrix
11
V2 \l -1

0) = == [H] -~ -

Its action is

0) +[1)
V2

0) —11)

V2

and the output states are generally denoted by |+) and
-)

The Gates X,Y, Z are also called the Pauli gates. An
alternative notation is 0,0y, 0..

= - [H] - - -

4. CNOT Gate

The CNOT gate (or the controlled-NOT or ¢X) is given
by the unitary matrix

o = O
[enll an R an]
_ o O

1
0
0
0010

If the first qubit is |0), nothing changes. If it is |1},

we flip the second bit ( and the first remains the same).
That is

|00) — |00)
l01) — |01)
110) — |11)

[11) — |10)

This is an extremely important gate for it allows us
to create entanglement and entangled states, it helps in
copying classical information and it can also construct
other controlled gates.

5. Toffoli Gate

The Toffoli gate (or CCNOT) is a 3-qubit gate. Thus
it can be represented as 8 x 8 matrix.

Its action on elements z,y,z € {0,1} is :

The Toffoli gate is universal for classical logic, and thus
any classical circuit can be simulated with a quantum
circuit. However, the Toffoli gate, on its own, is not
universal for quantum computing.

X ‘x
y i y
|1Z) Z& (xAYy))

FIG. 1. Toffoli Gate
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FIG. 2. A Bloch Sphere (Source:Wikipedia)

F. The Bloch Sphere

A common way of representing the state of a qubit is
by the means of the point in the surface called as the
Bloch Sphere.

If [¢) = a|0) + B]1) with |a|? + |3]*> = 1, we can find
angles -, d, 0 such that

~ 0 » 0
a=ecos=f = eVsin—
2 2

Since the overall phase is irrelevant, we can rewrite

. 0
[y = cosg|0> + ez¢sin§|1>

with 0 <0 <7 and 0 < ¢ < 27.

From |1)) = cos4|0) +e'?sing|1), we can obtain spher-
ical coordinates for a point in R?

(sinfcosg, sinfsing, cosh)



1.  Rotation Gates

We can also define the rotation gates, with the help of
phase angle and better visualization in the Bloch Sphere.

; 0 0
Rx(0) = emi2X = cosil - isin§X

; 0 0
Ry (0) = emi3Y = 00351 - isiniY

Rz(0) = em13% = cosgl — isingZ

The inner product of two states |¢1) = «1]0) + S1]1)
and |¢2) = a2|0) + B2]1) is given by

Q2

(th1lt2) = (arpy) (52) = arag + 152

Notice that (0|0) = (1]1) =1 and (0]1) = (1]0) =0

G. The No-Cloning Theorem

The no-cloning theorem states that it is impossible to
create a copy of an arbitrary quantum state. Consider a
quantum computer with two registers: the data register
which is in state [1), and the target register which is in
a particular state |t). Then, the no-cloning theorem is
equivalent to saying that for every state |¢), there is no
unitary quantum circuit U that can transform the state
to:

) @) = |4) @ |¢)

There is no quantum gate that makes copies of an ar-
bitrary qubit. The proof is easy: Suppose we have a gate
U such that

Ul)10) = [$)1¢)
Then U|00) = |00) and U|10) = |11) and by linearity

U(=7=(100)+10))) = = (U100)+U[10}) = = ([00)+]11)

S
Sl
S

2
But

00) +[10) _ |0) + |1>|0>

V2 V2

so we should have

O +MO+[1) , T
V2 V2 V2

U(==(100)+]10) = (100)+{11))

H. Quantum Entanglement

We say that a state |1) is a product state if it can be
written in the form

[v) = [¥1)[1p2)

where [11) and |¢9) are two states.
An entangled state is a state that is not a product
state. Example of Entangled states (Bell States):

00) + [11)
V2

|00) — [11)
V2

01) + [10)
V2

|01) — |10)
V2

II. QUANTUM ALGORITHMS

In quantum computing, a quantum algorithm is an al-
gorithm that runs on a realistic model of quantum com-
puting. A classical (or non-quantum) system is a finite
sequence of instructions or a step-by-step procedure for
solving a problem, where each step or instruction can
be performed on a classical computer. A quantum al-
gorithm is a step-by-step process, where each step can
be done on a quantum computer. Although all classical
algorithms can be implemented on a quantum computer,
the term quantum algorithm is often used for those al-
gorithms that seem to be of quantum nature or have few
of the essential features of quantum computing, such as
quantum superposition or quantum entanglement.

A. Quantum Key Distribution and the BB84
Protocol

We will look at a practical application for quantum
communication, Quantum key distribution. While
using any messaging app with end-to-end encryption,
to protect the messages sending to someone from pry-
ing eyes or eavesdropping, the app generates an encryp-
tion key using which the messages are encrypted and de-
crypted. This encryption key must be shared by both
sender and receiver, the procedure by which the messag-
ing app’s backend gives both parties the encryption key
is called key distribution. In classical key distribution,



whoever generates the key must find a way to send it
to the other party. Nevertheless, how are we to trust
that nobody else could intercept the distribution learn
the key? The security of the sender’s messages depends
on the security of the sender’s key distribution, and clas-
sically, there is no way to guarantee the security of the
key distribution. With access to a quantum communica-
tion channel

1. BB84 Protocol

Suppose Alice wants to send Bob a message m without
Eve being able to learn anything about its content.How
can this be done? This can be achieved if Alice and
Bob share in advance a string & of random bits. Alice
computes x = m®k and send = to Bob. Eve cannot learn
anything from x, But Bob can recover m by computing
r@k

(Pr(M =m|X =x) = Pr(M =m))

But this is not as simple as it seems. The main problem
is that k£ has to be as long as m and cannot be reused
S0..... how to agree on k7

2.  The Problem of Key Distribution

Alice and Bob may share several keys for later use
when they are together.But if they cannot meet each
other, there exist a key distribution method like Diffe-
Hellman [7] protocol, but they are not unconditionally
secure. Diffe-Hellman protocol can be broken with
Quantum Computers. So there’s a mojor problem of
key distribution, which is solved by soemthing called
Quantum Key Distribution. [8]

e BB84: Alice’s part

In 1984, Charles Bennett and Gilles Brassard proposed
the first protocol for Quantum Key Distribution (QKD)

Alice generates a private string of random bits.
She could even do this with a quantum computer (H
gate + measure) Then, for each bit, she randomly
chooses if she encodes it in the {|0),|1)} basis or the
{|+),]—)} basis. She can easily do this by using H and
X gates.(H|0) = |+), H[1) = |-, X|0) = [1), X[1) = |0))
Alice sends the resulting qubits to Bob.

e BB84: Bob’s part

Each time Bob receives a bit, he randomly decides
whether he will measure it in the {|0), |1)} basis, or in
the {|+),|—)} basis. He does this by applying the H or
the NOT gate before measuring. He writes down the re-
sult and the basis he used, If he used {|0), |1)}, he writes

down 0 if he gets |0), and vice versa. If he used {|+), |—)}
, he writes down 0 if he gets |[+) and 1 if he gets |—).

e BB84: Alice and Bob on the phone

After all this process, Alice and Bob talk on a classical
channel(Authenticates but not necessarily secure)

Bob announces the bases he has used for the measure-
ments, and Alice announces the bases she used to code.

Bob does not announce the result of his measurements.

For those bits in which Bob measures with the same
basis that Alice used for coding, he has got the bit that
Alice intended to send.

The rest are discarded (they will keep about half of
the bits).

e BB84: Eve tries to intercept and resend

Imagine Eve has access to the qubits that Alice send
to Bob.

Eve could try to measure and resend the qubit to Bob.

Eve cannot distinguish the four possibilities
{]10), |1),|+),]—)} because she does not know the
basis that Alice has chosen. If Eve chooses a basis
at random, she will error half of the time, and Alice
and Bob may detect it. Eve cannot copy the qubits
and wait to check the basis that Alice and Bob have
used(no-cloning theorem) Other more complex attacks
are possible but can be shown to fail.

With a classical channel, an eavesdropper Eve can copy
the bits going to Bob without him finding out, The no-
cloning theorem prevents her from doing the same in a
quantum channel. Moreover, to learn any information
about a qubit she has intercepted, Eve must make a mea-
surement, which will alter the qubit state before Bob re-
ceives it. If Eve does make a measurement, then Bob’s
bits will not perfectly match Alice’s bits, and so they will
each have different keys. Since Alice and Bob will be us-
ing their respective keys to do further communication,
they will quickly notice if their keys do not match, and
they can find a new channel to generate a new key.

Check the code of BB84 on |Github

B. The CHSH Game: Testing the Local Hidden
Variable Theory

The CHSH inequality, which is named after John
Clauser, Michael Horne, Abner Shimony, and Richard
Holt[9], provides an experimental framework for sup-
porting Bell’s theorem, stating that the local hidden
variable theories cannot precisely explain each and
every quantum mechanical phenomenon, particularly
entanglement.  The inequality is derived with the
assumption that hidden local variables exist, and it
prescribes a constraint on the expected values of the
Bell test experiment. Therefore, experimental violation
of the CHSH inequality is evidence that there are no


https://github.com/MonitSharma/CERN-Openlab-Quantum-Computing/blob/main/BB84%20Algorithm.ipynb

local hidden variables. Here we describe the CHSH
game, a hypothetical bell test experiment. The game
players can use either classical strategies(corresponding
to local hidden variable theories) or quantum strategies,
which involve measurements of a shared entangled
bit. It can be shown that quantum strategies allow a
greater winning probability than classical strategies.
These maximum probabilities correspond precisely to
the CHSH inequality. Hence win frequencies under
a quantum strategy appear to violate the maximal
winning probability prescribed by classical formalisms.

Rules for the CHSH Game
Let Alice and Bob be spatially separated such that
they cannot communicate. Suppose a referee sends a
uniformly chosen bit x to Alice and a bit y to Bob. Alice
and Bob then send bits a and b, respectively, back to the
referee. They win if

a®b=uxy

They can decide on a strategy beforehand, but they can-
not communicate during the game.
There can be two startegies that Alice and Bob use:

o Classical Strategy

e Quantum Strategy

1. Classical Strategy

Let’s break down the classical possibilities for this. The
randomly generated bits could have the following values,
and thus products:

ex=0andy=0sox-y=0
erx=0andy=1soz-y=0
ex=1landy=0,s0x-y=0
erx=landy=1soz-y=1

On the other hand, the XOR logic options for the bits
Alice and Bob will select can be as follows:

ea=0and b=0soa® b=0
e ¢ =0 andb =1 so adb=1
e a=1and b=0so abb=1
ea=1andb=1so adb=0

The most optimal classical strategy for Alice and Bob is
blatantly simple. Since z.y produces 00 in 75% of cases,
they should aim at producing 00 out of their adb oper-
ation too. This means that they should always output
00 or always 11, regardless of the input values of z and
y — as long as they both stick to the same value all the
time. This will ensure that a @ b always results in 00,

o) Ry(3)
0) ——&—Av(3)

FIG. 3. The Circuit for CHSH Game

By [

and since we already established that z.y gives 00 in 3
out of 4 cases, they will also win the game 75% of the
time. This is the best they can do classically.

Alice and Bob can win 75% of the time if they always
answer '0’. No other deterministic strategy can do bet-
ter and Probabilistic strategies are convex combinations
of classical strategies, so they cannot improve the 75%
success rate.

2. Quantum Strategy

With a quantum strategy, we allow Alice and Bob to
share an entangled quantum state, although Alice and
Bob themselves are still separated and cannot otherwise
communicate.As it turns out, due to entanglement and
the EPR correlations, quantum strategy can lead to a
higher winning probability, namely 85%.

The Strategy

[00)+]11)

72 before the

e Alice and Bob share a Bell pair
start of the game.

e If Alice receives 0, she measures her qubit and out-
puts the result.

e If she receives 1, she applies Ry (5) to her qubit
and then she measures it.

e If Bob receives 0, he applies Ry (7). Else ,he applies
Ry (=7%)-

e Then he measures his qubit.
e The Probability of winning is now cos®(%) = 0.85

It can be proved that cos?(w/8) is the highest pos-
sible success rate for a quantum strategy (Tsirelson’s
bound[I0]). The CHSH game can be used to rule out
local realism.

Code for CHSH game can be found on |Github

C. SuperDense Coding and Quantum
Teleportation

1. SuperDense Coding

Imagine a situation where Alice and Bob are in differ-
ent parts of the world.


https://github.com/MonitSharma/CERN-Openlab-Quantum-Computing/blob/main/CHSH.ipynb

Alice encodes bits

b,
H-Gate b“’:l 1 H-Gate
10) @ J\ (later on...) = lL (send) /L b
[0) N b B}:o b,

Operation based
cNoT o bits t0 be sent cNoT

Measurement

Prepare and share a Bell pair Bob decodes bits

FIG. 4. SuperDense Coding

Alice has two bits: by and bs, that she wants to share
or communicate with Bob, but only using one Qubit.
So, she wants to encode two classical bits into a single
qubit so that Bob, who is in the other part of the world,
will recover the classical information. It turns out that
there is no way she can accomplish this task without
additional resources. However, let us imagine that a
long time ago before Alice even knew what b; and bs
are, that the two of them prepared two qubits A and B
in the superposition.

Alice have the qubit A, and Bob have the qubit B.
We can say that Alice and Bob share an entangled bit
or an EPR pair.

It is natural to view entanglement as a resource as we
will see; and when Alice and Bob each have a qubit, and
the two of them are in the entangled state, it is natural
to imagine that Alice and Bob share one unit (i.e., one
entangled bit, or e-bit for short) of entanglement. Given
the additional resource of a shared e-bit of entanglement,
Alice will be able to transmit both a and b to Bob by
sending just one qubit.

The SuperDense Coding Protocol: Alice’s Part
e Alice and Bob share a bell pair in advance.

e Alice wants to send to Bob two classical bits b; and
by

o If b, =1, she applies X to her qubit
e If by = 1, she applies Z to her qubit.
e Then she sends her qubit to Bob.
The SuperDense Coding Protocol: Bob’s Part
e Bob receives Alice’s qubit.
e He applies a CNOT gate controlled by Alice’s qubit.
e He applies H to Alice’s qubit
e He measures and recovers b; and b

Super dense coding : an example
Suppose Alice wants to send 11. We start with
1

\/5(\00> +[11))

After Alice’s operations, we will have
€

V2

When Bob applies CNOT he obtains

(l01) — [10))

1 1
V2 V2

And with the H gate he gets |11) that now he can
measure.
Check the code for SuperDense coding on |Github

(I01) = [11)) = —=(10) = [1)[1)

2. Quantum Teleportation

Assume Alice has a qubit that she wants to send to
Bob. «|0) + §|1) How many classical bits would be re-
quired to accomplish this task? The reasonable answer
would be that no number of classical bits of communica-
tion will suffice. Alice may not know « and 8

Moreover, there is no way for her to perform any mea-
surements on her qubit that would unveil these numbers.

Thus, she could not tell this information to Bob be-
cause she was not able to determine it.

However, if we give Alice and Bob the additional
resource of sharing an entangled bit, just as in super-
dense coding, it becomes possible for Alice to transmit
a qubit to Bob using classical communication through
quantum teleportation. Specifically, two bits of classical
information will be needed to perform this task.

Quantum Teleportation: Alice’s Part

e Alice and Bob share an entangled state %(\00) +
11))

e This can be done in advance or they can rely on a
source that distributes entangled pairs.

e Alice applies a CNOT gate to the qubit she wants
to teleport |¢) = a|0) + b|1) and to her part of the
bell pair. We will have

1
—75(@(1000) +]011)) + (|10} + [101)))

e Alice further applies the H gate to the qubit she
wants teleported. Then we have

%(\00>(a|0> +0[1)) +101)(b]0) + a[1)) +[10)(al0) — b[1))+

[11)(=b[0) + a[1)))


https://github.com/MonitSharma/CERN-Openlab-Quantum-Computing/blob/main/Super%20Dense%20Coding.ipynb
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FIG. 5. Quantum Teleportation

e Alice measures her two qubits and sends the re-
sult(two classical bits) to Bob (through a classical
channel)

Quantum Teleportation : Bob’s part

e Bob uses the second bit received from Alice to de-
cide if he applies X to his qubit.

e And he uses the first bit to decide if he applies Z.

It is not matter that is teleported but information.
When Alice measure her qubit, she looses it(if not, we
would be contradicting the no cloning theorem). To tele-
port a qubit, we need two classical bits and one entangled
pair:

2bits + lebit > 1qubit

Teleportation is not instantaneous , we need classical
communication Quantum teleportation has been shown
experimentally (current record 1,400 km)

Check Simulation of Quantum Teleportation here.

III. PERSPECTIVE ON ITS USES

With the exponential growth in computing power,
quantum computing is getting ready for its close up.
Quantum Computers are ideal for solving complex
problems, which are hard for classical computers but
are easy to factor on a quantum computer. Such an
advancement creates a world of opportunities across
almost every aspect of modern life.

Artificial Intelligence and Machine Learning

Artificial intelligence and machine learning are some
prominent areas right now, as the emerging technologies
have penetrated almost every aspect of humans’ lives.
Some of the widespread applications we see every day
are in voice, image and handwriting recognition. How-
ever, as the number of applications increased, it became
challenging for traditional computers to match up the
accuracy and speed. Moreover, quantum computing can
help in processing complex problems in very little time,
which would have taken traditional computers thousands
of years.

Cyber Security

The online security space is currently quite vulnera-
ble due to the increasing number of cyber-attacks occur-
ring globally daily. Although companies are establishing
necessary security frameworks in their organisations, the
process becomes daunting and impractical for classical
digital computers. Moreover, cybersecurity has contin-
ued to be an essential concern around the world. With
our increasing dependency on digitisation, we are becom-
ing even more vulnerable to these threats. Quantum
computing with the help of machine learning can help
develop various techniques to combat these cybersecu-
rity threats. Additionally, quantum computing can help
in creating encryption methods, also known as quantum

cryptography.

[0] Check the codes for the Quantum Algorithms on Github
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