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Background

My primary research interest is in disruptive technology, especially in the
finance industry. The two particular technologies | focus on are blockchain (also called
distributed ledger technologies (DLT)), and quantum computing.

The use of blockchain and smart contracts continues to increase amongst
corporations and governments and whilst first uses are being driven from the financial
sector, any industry can benefit from its use.

In recent years, quantum computing has been emerging from being purely theoretical
and quantum hardware is having increasingly larger capacity, higher quality and
becoming more accessible. The properties of quantum computing are uniquely
different than conventional computing and the potential for disruption is huge in many
areas especially for solving non-deterministic problems which are common in finance.

While there are many applications of blockchain and quantum computing in many
industries, | am researching the application of these technologies for finance in
particular. Current work focusses on simulations of financial markets, optimization of
trade settlement, quantum machine learning for credit rating and DLT consensus in
collaboration with industry partners with externally funded projects.

Research Areas

Quantum Computing

My interest in quantum computing started in the late 1990’s but now, with newly
accessible quantum hardware it is possible to program quantum algorithms for real
business problems. | have completed two research projects working with industry
partners, TradeTeq and Oneconnect, to investigate potential quantum advantage for
assessing credit risk in trade financing for SMEs [1] and for decentralised
consensus mechanisms [2]. The quantum algorithms implement hybrid
quantum/classical neural networks which, in theory, could deliver better neural
network optimization for binary classification, as needed for credit ratings, in a
shorter time. The results of this work have been published at Techinnovations
conferences and published in a top journal — Nature Scientific Reports [3].

This year | continued with two 3 year projects, one with UOB and another with SGX
using quantum Monte Carlo (QMC) and quantum optimisation respectively. These
have begun to deliver interesting results to be published for QMC and in pre-print for
optimization [4,5]. Furthermore, visualizing quantum states in qubits and the effect
of quantum gate operations on qubits is difficult and | have been working with Prof.
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Yong Wang on a number of papers that show improved visualization of quantum
circuits [6] and for quantum neural networks [7]. These are all very exciting projects
that work towards bring the enormous processing power of quantum computers to
bear on useful use cases.

Blockchain

The use of Decentralized Ledger Technologies (DLTs) is underpinned by the
consensus mechanism. Current consensus mechanisms have attributes that do not
translate well to enterprise solutions such as privacy and performance. In particular,
off-chain data sources, called oracles, and the interoperability between DLTs. | have
been working on a project with an industry partner, OneConnect, to research
solutions to these problems using quantum computing. The results of this have been
published at an IEEE [1] and Techinnovations 2020 and 2021 conferences and
presented at the Singapore Blockchain Association. Recently, there is an increase
in interest in Web 3.0 and decentralised finance (DeFi) particularly associated with
the growth of the Metaverse. While the current focus of DeFi is for public
cryptocurrencies there is an interesting connection to central bank digital currencies
(CBDCs) that the | am exploring with MAS and SKBI and other potential hybrid
approaches.

Summary

Initial learnings from quantum computing work have been published as the first
chapter in a book [7] as a framework for the application of quantum computing in
business applications. The research for these projects is continuing and expanding
as quantum computers continue to improve. The quantum algorithms for consensus,
machine learning, optimization and modelling are expected to be applied to real
industry issues of the funders using hybrid approaches in the near term. The various
models are be explored for real industry data and on simulators and real quantum
backends.
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