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Classical vs. Quantum
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Chae, E., Choi, J. & Kim, J. An elementary review on basic principles and developments of 
qubits for quantum computing. Nano Convergence 11, 11 (2024)



Computing with caffeine
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If our best classical computers are 

so powerful, shouldn’t we be able to 

perfectly simulate molecules and 

chemical reactions?

This would allow us to accelerate 

discovery of new compounds and 

processes for healthcare, materials, 

alloys, and sustainable energy 

creation.

Let’s consider caffeine …



Computing with caffeine
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We would need approximately 1048 

bits to represent the energy 

configuration of a single caffeine 

molecule at a single instant in a 

classical computer.

This is 1 to 10% of the total number 

of atoms in the Earth.

1048   = 

1,000,000,000,000,000,            

000,000,000,000,000,000, 

000,000,000,000,000



Computing with caffeine

Although it’s impossible to 

completely represent the molecular 

configuration of caffeine on today’s 

most powerful super computers, 

we could represent it using 160 

logical qubits.
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Shor’s Algorithm

Shor's Algorithm is a quantum algorithm that can factor large numbers 

efficiently—something classical computers struggle to do.

It threatens RSA encryption, which relies on the difficulty of factoring large numbers. 

Shor’s algorithm can break RSA in polynomial time using a quantum computer.



Learning
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We are at beginning of new age of computation

Think 2019 / Inner Circle Infrastructure 5109 / February, 2019 / © 2019 IBM Corporation

Colossus
First electronic digital programm
able computing device

IBM Quantum 
First universal quantum computing 
device made available to public



Quantum computing

The new wave of computing

• Potential to Unlock 
previously unsolvable 
problems with quantum 
computing, cutting 
computing time from 
years to hours.

• A new paradigm of 
thinking 
launches inventors into 
previously unnavigated 
discovery territories with 
new use cases.

• Accelerate discovery 
through a powerful hybrid 
quantum- classical 
approach.
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…But win by changing 
the complexity

• How long does it 
take to multiply 
2048 bit integers?  
𝒑∗𝒒=𝑵

• Classical Cost of multiplication: 

• Quantum Cost of multiplication: 

~0.0025s

~75.0000s

How long does it take 

to factor 2048 bit 

integers? 𝑵=𝒑∗𝒒

Classical Cost of factoring: 

Quantum Cost of factoring: 

~4.7 billion CPU years

~8 hours

A. Emerencia, Multiplying huge integers using Fourier 

transforms (2007)

C. Gidney, Craig, and M. Ekerå. Quantum 5, 433 (2021)



Quantum is a component in the 
future of advanced computing

• In the future, 
quantum will 
integrate with other 
components, 
including AI, to 
enhance the overall 
capability of our 
computational tools.

• Each tool is best 
suited for certain 
types of tasks, and all 
will work together to 
solve the hardest 
problems that face 
society today.

   

   

   

1
4

Classical HPC

AI infrastructure

Quantum



15

Investment in quantum computing is accelerating 
at an unprecedented pace

Accelerating adoption and usage

48%
$42B
80%
3x

Customer spend CAGR1

Global investment2

Increase in expected 
investment by users3

Enterprise use case activity 
2020–20224

Source 1: IDC, IDC’s Worldwide Quantum Computing Forecast: 2023–2027: Surfing the Next Wave of 
Quantum Innovation,” IDC #US49198322, 2023.

Source 2: McKinsey & Co., “Steady progress in approaching the quantum advantage,” 2024. 
Source 3: BCG, “Why users should start building [quantum] capabilities now,” 2022 Q2B Conference.
Source 4: BCG, “Quantum Computing Is Becoming Business Ready,” 2023.
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Computationally complex problems exist across almost every industry.

Automotive

– Battery 
material design

– Material design

– Mobility as a 
Service

– Quality control

– Self-driving and 
ADAS

– Production 
optimization

Banking

– Fraud 
monitoring

– Portfolio 
optimization

– Risk simulation

– Customer 
analytics

– Time series 
forecasting

Chemicals

– Sustainable 
products

– Low-carbon 
manufacturing

– Resilient 
supply chains

– Process 
optimization

– Asset health

Life sciences

– Efficient drug 
research and 
development

– Clinical trials

– Tractable 
protein 
folding

– Call-centric 
therapeutics

– mRNA

Healthcare

– Accelerated 
diagnoses

– Personalized 
interventions

– Adherence to 
drugs

– Biomarkers

– Image 
processing

Logistics

– Global logistics 
optimization

– Disruption 
management

– Routing 
optimization

– Predictive 
maintenance

– Forecasting

Public services

– Security/safety

– Multimodal 
transport

– City resource 
planning

– Disaster 
management

– Fraud detection 
in tax and 
social

Electronics

– Faster product 
design

– Circuit defect 
identification

– Process 
optimization

– Production 
optimization

– Quality control

Insurance

– Catastrophe 
modeling

– Precise 
customer 
profiling

– Efficient risk 
management

– Optimized 
pricing of 
premiums

Airlines

– Forecasting 
and revenue

– Irregular 
operations

– Network 
planning

– Safety and 
maintenance

– Hyper-
personalization

Energy and utilities

– Energy trading

– Optimization 
of energy grid

– Renewables 
system design

– Energy 
forecasting

– Hyper-
personalization

– Asset health

Aerospace

– Material 
discovery

– Aircraft design

– Asset health

– Corrosion 
and material 
interaction

– Fuel efficiency

Oil and gas

– Emissions 
reduction

– Reservoir 
simulation

– Virtual flow 
meters

– Subsurface 
modeling

– Failure 
prediction

Telecom

– Network 
optimization

– Network 
anomaly 
detection

– Contextual 
customer 
segmentation

– Cybersecurity 
network



Mercedes-Benz and IBM have published a series 

of papers demonstrating progress toward using 

quantum computers to model material systems, 

including lithium-sulfur, that are relevant to 

advancing the performance of batteries.

The teams are also exploring applications in 

manufacturing defect analysis and product 

recommendation.

– Journal of Chemical Physics 154.13 (2021): 134115. 

– Nature 567.7749 (2019): 491-495.

– arXiv:2004.00957

Mercedes-Benz

Materials discovery and 
manufacturing optimization

“Developing and perfecting these 

hypothetical batteries could unlock 

a billion-dollar opportunity.”

Benjamin Boeser

[Former] Director of Innovation Management

Silicon Valley at Mercedes-Benz R&D America
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Higher manufacturing uptime

Business imperative

The uptime of the production line is one of the most 

important metrics in manufacturing. When the 

production line is interrupted, costs continue to accrue, 

while product is not produced. 

Current state

Fault detection and classification (FDC) suffers from 

high false positive rates. Data is often difficult, time-

consuming, and expensive to obtain. This is particularly 

true for highly imbalanced datasets, such as FDC, where 

the ratio of non-faults to faults can exceed 10,000:1.

Business value exploration

Quantum machine learning models have demonstrated 

higher accuracy on smaller datasets.
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Delta Air Lines

Gate scheduling optimization
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Optimizing large combinations of cargo and passenger 

traffic among the planes, gates, personnel, and the air 

traffic flows originating and terminating at an airport 

helps airlines to control costs and reduce inefficiencies.

Delta and IBM partnered to explore the application of 

quantum computing to airline gate-scheduling 

quadratic assignment problems (QAP).

The team applied the variational quantum eigensolver 

(VQE) with a new space-efficient quadratic 

unconstrained binary optimization (QUBO) algorithm 

that maps a k-coloring problem to a lower number of 

qubits.

https://arxiv.org/abs/2111.09472



IBM and Boeing model corrosion reactions for 

magnesium, the lightest structural metal

Magnesium has the potential to improve the weight of 

critical aerospace structures. However, magnesium 

reacts with water and corrodes readily. 

 

IBM simulated the reaction of water with magnesium 

to better understand its reaction mechanisms to 

explore the possibility of lighter, higher-performance 

aerospace structures.

arXiv:2203.07536
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Boeing

New materials qualification



Exoplanet discovery

Business imperative

With new and advanced telescopes, data in astronomy 

is growing at a fast pace. Conventional methods to 

discover exoplanets that involve human judgment are 

not efficient and are prone to variability depending on 

the investigating expert.

Current state

Commonly used data analysis techniques for exoplanet 

detection with the transition method produce many 

false positives in the case of noisy data. These false 

positives must be reviewed manually.

Business value exploration

Quantum machine learning methods may help improve 

the classification accuracy of exoplanet candidates and 

reduce the rate of false positives.
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NQM
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1. Announced in 2020
2. Cabinet approval in 2023 with budget of Rs 6000 Crores 

(approx. $ 750 M)
3. Launch of Hubs – Sept 30, 2024
4. Rolling call for startups
5. 100 quantum labs set up

startups

Academia-Industry

Hardware Manufacturing

Product Development

Research and Development

Translational Research

Algorithms of National Importance 



India’s core strength: Talent

Among the highest users of IBM Quantum Computers McKinsey Report lists India as having high talent



IIT Tirupati

IIT Guwahati

IIT Patna

IIT Delhi

BITS Goa

ISRO Ahmedabad

IIT Jammu

RRI Bengaluru

CDAC Bengaluru 

JNCASR Bengaluru

ISRO Bengaluru

IISc Bengaluru

CDAC Thiruvananthapuram

IISER Thiruvananthapuram 

IIST Thiruvananthapuram 

IISER Bhopal

IIT Indore

IISER Pune IIT Bhubaneswar

NISER Bhubaneswar

IIT Ropar

IMSc Chennai

SETS Chennai

IIT Madras 

BITS Pilani Hyderabad 

IIT Hyderabad

TIFR Hyderabad

IIT Kanpur

HRI Allahabad

IACS Kolkata 

SNBNCBS Kolkata

TCG CREST Kolkata

IIT Roorkee

Mapping of  Institutions

IISER Mohali

IIT Gandhinagar

IIT Kharagpur

IIT Bhilai

CDoT Delhi

SSPL Delhi

• 43 Institutions  (Lead & Member) from 17 states and 2 UTs involved in the 17 proposals

Univ. of Hyderabad
Lead Institutes

Member Institutes

JIIT 

Noida

IIT Bombay

TIFR Mumbai

T-Hubs
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Quantum Reference Facilities

Amaravati 1S Amaravati 1Q

Two Made in India Open-Access 
Hardware Quantum Computers 
launched on World Quantum Day, 
April 14. 2026



Dipti Gupta (IITB)
Dimira
Cryogenic Flex Wiring

Vijayaraghavan (TIFR), Vibhor Singh (IISc Blr)
3D and 2D Processors

Vijayaraghavan (TIFR)
Josephson Parametric 
Amplifier

Sugam Kumar, (IUAC, 
Delhi)
Qute Electronics
Precision Power 
Modules

Dilution Refrigerator
Qbit Force and 
Amber

Santu Sardar (DRDO)
Control Electronics

1.

2.

3.

4.
5.

6.

7.
Qbit Force
Bharat Quantum 
Reference Facilities
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• Two Fully functional quantum computers

• All major components made in India: Processor, Readout 

Resonator Chip, Josephson Parametric Amplifier, Control 

Systems, Dilution Fridge, Precision Current and Voltage 

Sources, Experimental Flex Cables. 

• Open-access hardware enabling use as reference quantum 

systems

• Enabled for testing all quantum components

• Scalable up to 100+ qubits 

Bharat Quantum Reference Facilities



32

Accelerate Quantum hardware manufacturing

Amplifiers

Cryogenic 

Components

Processors

Manufacture components Manufacture Quantum Computers

Bharat Quantum 

Reference Facility

Test and Refine

Integrate

Precision 

Power 

Sources

Control 

Systems

Dilution 

Refrigerator





Thank you!

In quantum, the sky is not the limit, it is just the 

starting point. 
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