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Quantum computing: a game-changing 
approach for drug development 



Quantum for Life Center

• Demonstrate the Viability of Quantum Computing to the Life Sciences
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Overview

• Quantum Computing in Two Slides
• Quantum Simulation
• Applications for Drug Development



At the brink of becoming technology…



What is a Quantum Computer?
• A device utilizing the laws of quantum mechanics 

for information processing 
• Potential to solve certain problems faster 

than classical computers

Quantum algorithms
• Shor’s algorithm for factoring
• Sparse linear equation
• Semidefinite programs
• Big data/machine learning
• Quantum simulation



Quantum vs. Classical Computer

classical computer

• bit: 0, 1
• dichotomic values

quantum computer

• qubit
• superposition principle
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Exponential growth in complexity
single qubit

• superposition of 0 and 1

two qubits

• superposition of 000, 001, 010, 
011, 100, 101, 110, 111

three qubits

• superposition of 00, 01,10,11

𝛼଴ 0 + 𝛼ଵ|1⟩

𝛼଴଴ 00 + 𝛼଴ଵ 01 + 𝛼ଵ଴ 01 + 𝛼ଵଵ|01⟩

𝛼଴଴଴ 000 + 𝛼଴଴ଵ 001 + 𝛼଴ଵ଴ 010 + 𝛼଴ଵଵ 011
+ 𝛼ଵ଴଴ 100 + 𝛼ଵ଴ଵ 101 + 𝛼ଵଵ଴ 110 + 𝛼ଵଵଵ|111⟩
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Hard to simulate on classical computer!
Potential for quantum speedups!

exponential growth of free parameters
exponential memory requirements 

n qubits
• superposition of ௡ classical states



Hamiltonian

Quantum Simulation
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docking of molecule

DNA molecule

quantum simulation

Richard Feynman

Schrödinger equation

quantum machine learning



Quantum Algorithms



Quantum Computing for Drug Discovery

Sun, D., Gao, W., Hu, H., & Zhou, S. (2022). Why 90% of clinical drug development fails and how to improve it?. Acta Pharmaceutica Sinica B, 12(7), 3049-3062.

quantum simulation



Variational Quantum Eigensolver

classical computer
problem goal: find state

with minimal
energy state

quantum
sim

ulator

optimization
cycle

trial parameter 𝜽

observed energy 𝑬 𝜽
optimization step

prepares state

measures energy

|𝝍𝜽⟩

𝑬 𝜽 = ⟨𝝍𝜽|𝐇|𝝍𝜽⟩
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An Interdisciplinary Challenge

proof-of-principle
demonstration

quantum algorithms experimental
quantum simulator

problem identification


