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Disclaimer: The views expressed and ideas presented in this talk are those of the speakers and are not 
necessarily shared by the presenter’s employers
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Foundation of Quantum Computer : Quantum Mechanics

Local hidden variable
Quantum Mechanics is incomplete

Einstein Podolsky Rosen

Bell TestEPR Paradox (1935)
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Proposed a quantum mechanical model of the Turing machineProposed a concept of Quantum Computer

lov Grover Peter Williston Shor

Dawn of Qauntum Computer

Seth Lloyd Michael Nielsen Peter Wittek

David Deutsch

Many 
more...
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Quantum computer is a device to perform computation by 
exploiting the properties of quantum physics. 

 Quantum Properties: superposition, entanglement, interference, and 
quantum tunnelling

 Basic of Quantum information is a Quantum Bit (Qubit)

What is Quantum Computer?
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Qubit: Basis of Quantum Information
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Building Blocks of Quantum Computing

Massive Correlation

Image Credit: Mechomotive.com

Convergence of problem hamiltonian

Entanglement InterferenceSuperposition

Massive Parallelism

Gopal Karemore (Distributed for Education Purpose Only)



Photonics Based

DTU, KU, Xanadu

Image Credit: C. Bickle and Gabriel Popkin

Challenges                                                                                                    Current Status

Number of qubits: How much quantum information can be stored?         e.g. Google’s Sycamore: 54 qubits, IBM 65, Dwave 5000
Coherence time: How long will your quantum system stay “quantum”?    e.g. 1-10 Sec (Ion Trapped) to 1 Micro Sec (Superconducting)
Gate depth-gate fidelity: How many quantum gates in an Algorithm?       e.g. Google’s Sycamore 20 Gates

How Qubit is implemented: Current Status of Quantum Computing Hardware
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A Typical Quantum Computer (Super conducting)

Image Credit: IBM

15 mK = -273.13 Degree Celcius 
= colder than the coldest places in interstellar space
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Complexity Speed

Image Credit: IBM

How to double the computation power

Classical Double the number of 
Transistors

Quantum Add one more Qubit

Why Quantum?
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Quantum
Computing

Simulation

Optimization

AI/ML

Pharmaceutical
Insilico drug discovery through 

accurate simulations, Protein folding 
(Pistoia alliance, QuPharm…)

Financial and Banking
Stock portfolio optimization, EU Call Option 

Price Optimization 
(Goldman Sachs, JPMorgan, Citigroup, BBVA.. )

Industrial and Manufacturing
Resource Optimization, Decision 

problems, Halting problems 
(BMW, Lockheed Martin….)

Travel and Transport
Efficient delivery route  

(Volkswagen, Boeing… )

Communication
Quantum Key Distribution Network

(QKD consortium, Governments...)

More Info: 
G. Karemore, Immergence of QC in Finance at Richmond’s Finance Directors Forum Conference 2019, Zurich
G. Karemore, Promises and challenges of Quantum Machine Learning in NISQ era at Quantum.Tech conference 30th Sept. 2021 (Virtual – Free Registration)

How QC will Impact Industries?
Variational Qauntum 
EigenSolver (VQE)

Qauntum Approximate 
Optimization Algorithm 
(QAOA)

Quadratic Unconstarinst 
Binary Optimization (QUBO)

Quantum Amplitude/Phase 
Estimation (QAE/QPA )

Variational Quantum 
Classifier (VQC)

Quantum Kernels (QK)

Grover’s, Shor’s, HHL etc.

Quantum Algorithms
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Image credit: RIKEN.JP

Stability
Binding Affinity

Immunogenicity

PK/PD : ADMET-Tox
Synthesizability

Formulation Development 

Clinical Development 

Drug Delivery

Ramakrishnan 2015, A. Lilienfeld 2018, K. Atz 2021

Chemical Space: 1060

Computational Cost

FF

SE

DFT

QMC

FCI

Ac
cu

ra
cy

QML Schrödinger solver

FF: Force Field
SE: Semi Emperical
DFT: Density Function Theory
QMC: Quantum Monte Carlo
FCI: Full Configuraton Interaction

Quantum Computing in Pharmaceuticals
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A Quantum Circuit & Programming Quantum Computer 

https://algassert.com/quirk

Quantum Fourier Transform

Many more...

Quantum Programming Language
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Why to invest now?

Image Credit: IBM https://www.microcontrollertips.com/applications-algorithms-quantum-computing-faq/

Image Credit: QED-C
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• Mission: Demonstrate viability of quantum computing to the life sciences
• Payoff: Nucleus for Danish quantum life science community
• Unique Interdisciplinary Approach:

Professor Matthias Christandl
Center leader
Quantum Software

Professor Eugene Polzik
Quantum Experiment

Professor Anders Krogh
Bioinformatics

Professor Markus Reiher
ETH Zurich
Quantum Chemistry

‘Quantum for Life’ Center

101001001110
101010101010
001101010100
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Thank you for your attention!

For any questions/comments : gopal.karemore@gmail.com

Connect me via LinkedIn: 
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