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Timeline - Quantum Mechanics to Quantum Technology

1900 1983

Development of quantum theory 
From concept of quanta to  description of photon - atom interaction

First experimental validation of 
completeness of quantum theory
Bell’s inequality test

2010 2020

Quantum computing -
claiming quantum supremacy

2040

Reporting of various prototype 
quantum devices include satellite based 
quantum communication

Methods to control 
and engineer

quantum states 
/particles were 
developed

Era for development of 
practically relevant 
devices with quantum 
advantage for day 
today applications



Sycamore – 53 qubit Superconducting Processor 

Nature, 574, 505–510 (2019)

Quantum Supremacy



Optical circuit, maximum of 76 photons detected in one test 
and an average of 43 across several tests.

Science 370, 1460–1463 (2020)

Quantum Supremacy



Quantum Simulation



Computational Power of Qubits



Courtesy : IBM quantum

Some examples



Digital and analog quantum simulation



Digital quantum simulation

• Dirac cellular automata

NATURE COMMUNICATIONS | (2020)11:3720 

Trapped ions @ Maryland  / IonQ



Solving optimization problems

Goal of optimization problems :

• A general optimization problem is defined by cost function, seen  as the 
energy of a physical system

• The goal is to find the global energy minimum, while avoiding local  minima

Your A/B tests
got you from here…

….to here….

..but if you tried 
something radical…

..you could 
get here !

Analog quantum simulation



Broad Class of Quantum Processors

1. Universal Quantum Computers   (circuit-based processor)

2. Special task Quantum Computers   (problem specific quantum simulator) –
Optimization/ BS ,  Quantum annealing

3. Noisy Intermediate Scale  Quantum (NISQ) Computers – Near-term devices

D-Waves global optimization problem



Problems on NISQ / Near-term Q Computers

• Real-time dynamics of lattice gauge theories using a four-qubit system 
(quantum Monte Carlo methods describe equilibrium phenomena, no systematic 
techniques exist to tackle the dynamical long-time behaviour) 

Nature 534, 517 (2016) 



Problems on NISQ / Near-term Q Computers

• Quantum circuit for environment assisted quantum 
transport (ENAQT) for FMO complex

New J. Phys. 22 123027 (2020)



Variational Eigenvalue Solver (Classical – Quantum)

• Calculating the ground-state molecular energy for He-H+

NATURE COMMUNICATIONS | 5:4213 (2014) 



Variational Eigenvalue Solver (Classical – Quantum)

PNAS | July 18, 2017 | vol. 114 | no. 29 | 7555–7560 

• Biological nitrogen fixation by the enzyme nitrogenase



Quantum Simulator & Quantum Circuit Simulator

Quantum circuit simulator
• Classical processors designed to simulate quantum circuits. It is used as 

a test bed for quantum processors / quantum simulators

IBM quantum circuit simulators

Amazon bracket (40 qubit – 90 core processor)

IISc – CDAC QSim: Quantum Computer Simulator Toolkit

https://quantiki.org/wiki/list-qc-simulators

Approx. 150
C/C++ - 35

GUI – 15
Python - 15

• Should demonstrate some quantum phenomena in use during its operations
Ideally it will be a quantum system (quantum hardware - QPU)

• Should solve at least one problem of an other quantum system or simulate some 
features of an other quantum systems (need not be circuit based approach)

Quantum simulator



Thank  you


