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Introduction
We are living in a world where “experience” is counted as the new currency. One of the
fore-bearers of this experience comes from data insights. Data, which is now termed as
the new “fuel” coupled with Insights, both reactive and predictive, “AI”, which is now
termed as the new “Electricity”. Apart from using this fuel and electricity my only
thought I have is that we should not create more pollution.
Only a small portion of the world know that it is going to be hit in the next couple of
years, with a new form of “force”, a force which would defy all common sense , a force
which was so aptly described by one of the best physicist of our times, Richard
Feynman
“If you think you understand quantum mechanics, you don't understand quantum
mechanics”
When I was a kid in the university, it was widely believed that 1% of the world
understands Einstein’s theory of general relativity but I can safely say today, no one
understands Quantum Mechanics to its core and this non understandable, yet fully
functional, force with all it’s theories is going to knock the software world with a force
greater than the force of electricity described above. Yes, my friends, some of you
would have guessed it right, it is Quantum Computing
In order to understand Quantum Computing , I would urge the reader to keep his/her
common sense
on for the first half of this paper and then slowly remove it on my
request to understand the dynamic world you are about to enter. It is only when
“Monkey Logic (Homo Sapiens Logic)” is removed, that you begin to appreciate the
vastness of quantum world that exists dormant in the sub-atomic particles

Why should we be excited?
We should be excited about this sub atomic world for the following reasons
•
•

•

•

It is no longer science fiction and practical cases of quantum computing have
started emerging.
Edges of classical computing would be reached very quickly. If we look at the
size of the electronics today, at around 0.5 NM scale of VLSI design, electron
tunneling would start playing havoc with the consistency and parity of information
The current global dependency on energy for technology has become
unsustainable so a fundamental shift in the mechanism of computing is needed.
The primary reason for that is that classical computation does an irreversible
computing paradigm and quantum computing follows a reversible principle.
Reversible cycles or computation implies that given the output and the operator,
we can get back the input which makes the computation reversible.
The complex problems or NP (Non deterministic polynomial) hard problems as
they are referred to have now a facet that can be resolved using quantum AI
algorithms
o Optimization
o Protein folding and Chemical Analysis: Are all issues that can now be
handled using a quantum computer? Until the onset of quantum, the
chemical formula that a machine could understand well was Caffeine
(Chai). The reason is the covalent bond in a molecule and each covalent
bond lends itself to a million electrostatic or ionic transactions between
electrons that is hard even for supercomputers to handle.

Common Sense
Common sense tells us that we use “encryption” to ensure that the data we send across the
wire is protected and preserved. The most common encryption algorithm used today is the 2048
bits based “RSA” algorithm. RSA algorithm develops itself from a core technique, the Shor’s
Algorithm and Shor’s algorithm was based on a very simple principle of prime numbers

Take two prime numbers and multiply them. The resulting key becomes the public key and one
of the multiplied keys can become the private key with an individual. Now, from the brute force
theory, if we have the public key, it is very easy to get the colluding primes to find the private
key for encryption, except that the colluding primes are so big (2048 bits) that it would take your
normal PC some 48 quadrillion years to break this. The world’s largest and fastest super
computer would also take about 2 billion years to break this, so essentially we are safe.
Even if Moore’s law holds (which I suspect would not), we would still enhance the speed and
processing of the computer to a level where a computer would take 4 quadrillion years and a
supercomputer about 20 million years so we are safe with RSA…Wrong!!
A fundamental shift, which I described as the Force coming in our lives, would disrupt this factor
with the ability to break RSA in less than 100 seconds. If I was say Quantum Computing would
essentially change the way computers program by making them massively parallel, it would be
the end of this paper, unless I know the reader wishes to know a lot more nuances

A Little History
It is essential to understand a little bit about the history of what triggered this Force in
nature and you can blame it all on “Light”, yes “Light, which is both “Weird” and
“Awesome”
By the turn of the 19th century, Light was considered to be a wave. It was proven by the
famous Thomas Young’s experiment of double slits. Young took a light beam and
directed it to double slit, as shown in the figure below. Light coming out of the slit was
measured by a light detector, a plate at the end of the double slits. What Young
observed were patterns of dark and light interspersed at the back. We all know this from
our classical wave theory as a phenomenon called “interference” .We also know this
from our practical life, when we throw a stone at a still pond and the patterns we
observe. The patterns that exhibit interference, ensuring that water essentially
dissipates in a wave like pattern

Well, this experiment essentially proved that light was a wave and it exhibited the usual
wave like characteristics of “crests” and “troughs” when two or more waves collided
which essentially caused the dark and light bands at the back of the double slits
Come 1900s, and scientists observed another phenomenon, which was to become the
precursor of yet another mystery in science. Scientists observed that when light was
shined on a metal it emitted electrons. (Well no guesses here because a metal is made
up of electrons and hence electrons help conduct electricity. It is for this reason that
metals are good conductors of electricity).
However, it was observed that only some kinds of light emitted electrons within some
metals. For a specified light would eject blue electrons from copper and another type of
light emitted red from Iron. The first thought was that since light is a wave and a wave
has energy, it would take wave with an appropriate energy to dispel electrons. What this
meant was whether the light source was far away or closer to the metal in question, it
would enable the metal to release electrons. Well!! Surprise!! Surprise!!! Nothing of this
happened. It did not matter, how far or close the light source was, all it mattered was,
what the wavelength of the light was.
It took no other than the brilliant young physicist Albert Einstein in 1905 to prove that
light it its wake carried discrete packets of energy, called photons which dispelled
electrons when they had the requisite energy. Photons carried these discrete packets of
energy which were named “Quanta”.

Einstein got his Noble prize in 1921 based on this theory. Yes, ladies and gentlemen,
Einstein did not get his Noble prize for “theory of relativity” but for the light effect called
as “photoelectric effect”
In comes another brilliant scientist, Louise De Broglie who shakes the scientific
community with his suggestion that goes like this. “If Light is a wave that can behave
as particles, can particles behave as waves?”

Louie De Broglie was ridiculed by his professors. They were confused whether this guy
was a nut case or a genius. It took none other than Einstein to realize his genius. He

was indeed right. In fact De Broglie went ahead to also duplicate the double slit
experiment, but this time with electrons (as sub atomic particles)

The results were as De Broglie expected. When an electron beam was shined on a
double slit used by Young, the effect seen at the Geiger counter at the plates was
astonishingly the same as a wave. Electrons concentrated as certain positions only, just
like the light wave with light and dark region. The wave and particle duality was thus
confirmed. De Broglie even went ahead and calculated the wavelength of an electron to
confirm his findings.
It was thus confirmed that light behaves as a particle and a wave and a duality law
was established in nature. Edwin Schrodinger went ahead and even gave a wave
function to each particle as below

This wave equation has a partial derivative and is the corner stone of all things in
nature. The only component that comes out from this equation is the constant “h”. This

constant is called as the Planck’s constant from the famous Max Planck.
The significance of Planck's constant in this context is that radiation, such as light, is
emitted, transmitted, and absorbed in discrete energy packets, or quanta, determined
by the frequency of the radiation and the value of Planck's constant. Planck even had a
number associated with this constant and that number is as follows

6.62607004 × 10 m kg / s
-34

2

Yes, and the reason it is called a “constant:” is because it is a constant of nature. It is
because of the Planck’s constant that quantum effects are only seen in subatomic
particles. Had Planck’s constant been larger, we would have seen these effects in our
classical world as well.
Schrodinger even devised a thought experiment including a cat. (No animal was
harmed. It was a thought experiment only)

According to him, take a cat and put it in a box that is closed and has a radioactive
material source. This radioactive material has a 50% decay rate. At a certain level, the
material decays, clips the hammer and the hammer breaks the poison bottle. Is the cat
dead or alive? Well unless the box is opened no one is sure whether the cat is dead or
alive. Inside the box, the cat is in a state of quantum randomness which can have both
probabilities and duality. Only when the box is opened and observed, can the observer
know the classical state of the cat

History thus took us to a time, when wave and particle duality got created, a wave
function for each particle was created and a constant driving this cause was established

Quantum Computing
Let’s dive straight into it then. There is duality in nature to an extend that a particle
exists as both wave and a particle but how does it affect computing would be the next
big question.
Silicon chips as we see it in computers today work on the principle of voltages. A +5
voltage (any positive) is deemed as “1” and a lack of voltage or “0” is considered to be a
0. This bits as we call it defines the entire logical structure and architecture of how
computers compute today, but these are mathematical and classical jargons (Silicon
chips being very real in the classical world we live in)
The Quantum world on the other hand is more probabilistic. As explained by
Schrodinger’s thought experiment, a bit can be “0” or “1” at the same time. It is only
when we observe the bit can the real nature be found out. In other words, a quantum
system continues to be in a state of quantumness unless measured classically. It is only
when a quantum system is measured, does it leave the quantum richness and collapses
into a classical state.
This phenomenon described above gives the essence of speed. Where 1 bit in the
classical world, allows a user to either use it as 0 or 1, a quantum bit (also referred to as
Qubit) allows a superposition of both states at the same time unless measured so it
allows 2 combinations. Let us increase the bits to 3 or n. A classical bit allows one out of
the 2n combinations, a Qubit allows all the 2n combinations simultaneously which is a
massively parallel approach to computing. Imagine a 32 qubit computer, where we can
do 232 parallel computations simultaneously to get an output. This number corresponds
to the number of stars in our galaxy.
A qubit is referred to as |0> or a |1>, rather than just “0” or “1” . This is called a “Ket”
notation. And these states are called Computational Basis States. Before I go
ahead and explain this, let me go into the business facet of it and why does it
make me excited about quantum computing

Basic Quantum Principles

Before we dive into quantum techniques, and practical applications or the military, it is
important to understand the basic quantum principles that are available which enables
the reader to understand the power of quantum
Superposition
Since a particle at a sub-atomic level exists as both a particle and a wave it lends itself
to being both on and off at the same time. This is analogous to a switch or a modern
day computer bit which can be either 0 or 1. However at a subatomic level , a particle
can be both 0 and 1 at the same time. What it is , is not known until it is classically
measured because of the Heisenberg’s uncertainty principle. Once you measure the
particle using classical techniques, the particle leaves its quantum state and with a
certain probability exhibits as a “0” or “1”. What this gives you is the hint of the quantum
speed.
Let us assume we have two particles (bits) as a computer parlance would alow us and if
we had to measure them, we know that these two bits can take one of the 4 forms “00”,
“01”, “10” or “11”. In the subatomic world all of these exist together as a state and so the
power of computation becomes 2^n

Entanglement
Entanglement is yet another “spooky” principle that has baffled scientists over a century
now , a concept that occurs only at the quantum level with no real explanation. Normally
particles in this universe are created as pairs. The pairs are distinguishable by a
property within the particle be it spin, charge etc. The entanglement principle as seen
states that if you keep on the particle within the pair with you and send the other one to
a far off distance, as far as the end of the universe, and you put data on the particle
close to you, the particle at the far corner of the universe would also have a mirror of the
data. Now this , defies the principle of space and time and also the basic laws of the
universe
What this does allow us to achieve is quantum encryption fantastically. Imagine two
keys which are created as a pair and a hacker manages to just spoof at one of the key.
The hacker has not yet decrypted the key but manage to locate it. This is good enough
to send a message to the entangled key that some change has happened and the keys
can be changed and system protected from a hack. Entanglement is so spooky that
even Einstein could not wrap his head around it

Quantum Tunneling/Annealing

Quantum tunneling is yet another feature of a quantum system which lends itself
beautifully for modern day AI applications and another principle which is counter
intuitive.
Let us imagine we are rolling a ball towards a hill. We all know classically that the
amount of kinetic energy available within the ball would enable it to roll up the hill. If the
ball does not have requisite force of kinetic energy , it would roll down and not go over
the hill. Well, in quantum world since the particles exist as wave and particles both,
there is a small probability that this particle without the requisite kinetic energy can
appear on the other side of the hill. This effect is like a tunnel drawn by the particle to

reach the other side .
Why is this important? Well we have seen that the AI and machine learning applications
rely on the gradient descent method to find a global optimum. This is like a drone sent
to the bottom of the hill to get a local optimum faster than the gradient descent. This
technique can also help us determine global optimum and not get caught in local
optimas.

Different Quantum Computers
As you would have guessed by now, all the different techniques enable us to have
different kinds of Quantum computers and the way they are kept and preserved. The
figures below explains these

Practical Applications
We finally reach the point where I can explain the different practical applications that a
quantum computer can have today and also put specific focus on some military
applications, but before I do that, I also want to spend some time on some of the
applications being used in the world today.
A simplistic application grab is shown in the figure below
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Some applications that have been seen in the world today
1. Intelligent Quantum Traffic Control

A well-known automobile group is the world's first automotive company to intensively
test the use of quantum computers. “The combination of our highly-developed quantum
technology with the expertise of this automobile manufacturer experts makes it possible
to solve everyday problems that already have great significance today but will take on
an even greater dimension in the future as a result of increasing urbanization.
2. FACTORY OPTIMIZATION USING QUANTUM COMPUTING

A leading manufacturing organization and a leading supplier of advanced automotive
technology, systems and components for all the world's major automakers, has been
using a D-Wave 2000Q system to improve the efficiency of their Automated Guided
Vehicle (AGV) routing in their factories using Quantum Computing
3. QUANTUM GENOMICS

The WuXi NextCODE A.I. applications also extend to chemical synthesis planning for
drug discovery. Implemented several quantum statistical computing strategies on a
simulated universal quantum computer and a physical quantum Annealer.

Quantum Future of India
In the parlance of innovation, the fringe refers to the edge; those use cases that require
the maximum deviation. For our purposes, the fringe is India and the subcontinent at
large. India lies at the cusp of being both a developing and a developed country. It is no
stranger to income inequality; India's richest 1% hold 58% of the country's total wealth.
Besides India’s geographical diversity, India is also home to a vast diversity of
languages. A total of 2% of the Indian population speaks English; the majority of the
population use one of India’s 22 main languages. As a result, more than 98% of the
population is untouched by technology and its manifestations in English; Alexa and Siri
would have a hard time here.
From a road safety perspective, about 150,000 fatalities happen on Indian roads each
year - around 400 every day.
Groundwater, the world’s most extracted raw material, supplies and sustains a range of
human activity. Yet, because it is invisible and its supply is often taken for granted, it is
often inadequately acknowledged. India extracts the most groundwater
globally, amounting to 25% of the world’s total.
Air pollution, meanwhile, is increasing at an alarming rate. Particulate air pollution in
India - especially in Delhi, the capital city - is consistently bad.
If this is not fringe, then what is? Seen from one angle, India is the world’s solutions
provider with a $160 billion IT service industry. Seen from the diametrically opposite
angle, these fringe cases put the country and its citizens at risk socially, economically
and technologically.
The Fourth Industrial Revolution has seen an uptick in technologies which were in
research labs 10 years ago. Artificial intelligence (AI) and machine learning have started
to become integrated into production systems. India needs these technologies to solve
these kinds of challenges at the fringe.
What would be some of the advantages? Here is one to start with: if a fringe case is
solved via technology or design, it has the potential to be applied anywhere else in the
world. The fringe takes care of edge cases, of deviations, of order within the chaos, and
acts as a test bed for regression testing of a scenario.

Possible Opportunities for India
The use of quantum technologies currently represents the most anticipated advances
for everyone, and only practical applications can usually bring predictions to light as far
as applicability is concerned .What I would like to talk about here is some of those
practical applications
•

Quantum Hardware: India should also try and build a quantum hardware of its
own now and the ideology should be to utilize the power of Quantum internally
for the country and the use cases

•

Machine Learning Optimization: Optimization algorithms can be boosted using
Quantum enablement. Some of the facets seen are auto finding of parameters
and features for classification algorithms. One of the techniques used by
traditional AI has been. PCA or principal component analysis which gives a faint
measure of the features. Quantum AI enablement can help us get to these
features which are better tuned

•

Drug Discovery and healthcare: One of the facets which has come to fore post
covid-19 is the usage of Ai with drug discovery and possible protein folding.
Proteins , molecules and drugs involve covalent and electrostatic transaction
involve millions of transactions which AI is not able to support and quantum AI
entanglement would be the best way to go forward

•

Quantum Key Distribution: Quantum key encryption and cryptanalysis
techniques promises a significant change in strategy of security. The most
common format of this, the QKD(Quantum key distribution) uses quantum superpositions of photons during the initiation of a secure communication session. In
keeping with the Heisenberg’s principle the exact states of photons is
indeterminate until they are isolated and measured – only then can they
represent a true state of polarization. Any attempt to spoof of a qubit or key
irreversibly changes it due to quantum entanglement and avoids the man-in-themiddle attack. This is analogous to using tamper resistant envelopes used in
postal network.

• Quantum crypt-analysis : Cryptanalysis refers to an application where quantum
computers could be used to read encoded messages which are unbreakable in

human time. These can become fruitful for communications within the defense
and also secure communications

• Quantum path planning : Quantum path planning is another approach where a
leaf can be taken from Volkswagen trying to find path in the city or from Denso
for path optimization planning

