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WHAT IS QUANTUM COMPUTING?

Quantum computing has emerged as one of the most exciting and possibly re-
volutionary technologies in decades. The fundamental idea is that information is 
manipulated not as bits 1’s and 0’s, but rather as quantum bits - qubits - which 
may be 1’s and 0’s simultaneously in what is called a superposition. This allows 
both configurations to be considered in one computational step. Two qubits then 
allow four configurations to be considered simultaneously, three qubits allows 
eight configurations, and so forth - an exponential increase in speed for calcu-
lations which can take advantage of this method. First suggested in the early 
1980’s, quantum computing remained limited to academic research until about 
2014 when several technical advances led to a commercial offering of hardware 
prototypes. Just recently in October 2019, Google announced that it had achie-
ved quantum supremacy - a controversial term signifying that it had performed 
an example of a task efficiently on a quantum computer, yet prohibitively costly 
on a classical (commonplace) computer. 

There are several known ways to build a quantum computer, each with advan-
tages and disadvantages. One method - chosen by Google, IBM, Rigetti, and 
Intel, among others - is that of superconducting technology, in which some ma-
terials conduct electricity with almost no resistance when cooled down close to 
absolute zero. This technology offers good scalability but low accuracy in mani-
pulation. Another - employed by Honeywell and IonQ - is the ion trap technology, 
in which qubits are electrically charged particles held in place by lasers and ma-
nipulated through electric fields. Because trapped ions interact only with finely 
tuned electric pulses, they can be accurately manipulated, but the complexity 
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of the machinery surrounding the qubits makes this approach difficult to scale. Yet another 
way of crafting qubits is topological, a less-developed technology in which special particles 
called Majorana Fermions can perform calculations with almost zero error compared to the 
other technologies; Microsoft is currently the only major commercial organization pursuing 
this approach and remains somewhat theoretical. In this scenario, platform-agnostic quan-
tum software is a straightforward choice for companies willing to experiment and gain early 
know-how.

QUANTUM COMPILER

Just as for a classical computer, quantum hardware requires software to be translated in 
native instructions in order to perform calculations. Here the instructions are for the qubits 
and come in three types: initialization, manipulation, and measurement. Initialization sets up 
the qubits in a particular configuration, usually simply the “0” state. Manipulation transforms 
the value of the qubits - this could be by a fixed amount, say inverting the “1” and “0” states, 
mixing the two states, or it could mean transforming by an amount which depends on the 
value of other qubits, say “if qubit 1 is a 1, flip the values of qubit 2, but if qubit 1 is a 0, leave 
it alone” - a CNOT operation. The final type of instruction is measurement. By measuring a 
qubit you are forcing it to leave the superposition and become a regular bit, with value “1” 
or “0”. Only the probability of each measurement result is known as quantum mechanics is 
probabilistic in nature.

Figure 1: An example quantum circuit.  
As time flows from left to right, qubits are initialized, manipulated, and then measured.

A quantum program (or circuit, as it is sometimes called) will then consist of the initialization, 
a series of manipulations, and then finally the measurement. These must all be performed 
by the time the qubit loses its quantum coherence and while protecting the qubits from the 
environment disturbance. A typical circuit is shown in Figure 1.
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WHY EFFICIENCY IS IMPORTANT

A compiler converts the code that a programmer inputs into instructions executable to the 
machine. In order to do this, the compiler knows all the specifics of the processor: how many 
qubits, how they are coupled, the error rates, and so forth. Ideally, it does so using as few 
instructions as possible.

Today’s quantum processors are limited in several respects. The number of qubits is less 
than about 100, the coherence time is short, and error rates are large for both operations 
and measurement. There is even a formal term for these present-day limitations: Noisy Inter-
mediate-Scale Quantum, or NISQ. This makes it essential that quantum circuits use as few 
operations as possible, in as short a time as possible. Efficiency could include anticipating 
which qubits will interact, thus placing them near each other; combining gates (two flips can 
cancel each other out). 

Many of the quantum processors today - those developed by Google, IBM, and Honeywell, 
among others - have compilers developed by internal groups. Each compiler uses a different 
language, and so to move a circuit from one processor to another, it must be re-written. 

This is why CQC has developed a compiler which is hardware-agnostic, called t|ket>. 
Working closely with each hardware group, CQC has included details of each quantum 
processor in t|ket>. A programmer simply inputs their circuit once, then indicates which 
processor to compile to. Moving the program to another processor is as easy as re-compi-
ling with a different processor selected. The resultant instructions are maximally efficient, 
and details of the processor are invisible to the user. It is also ideal for benchmarking.

Figure 2: CQC’s hardware-agnostic Quantum Compiler t|ket>
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QUANTUM ALGORITHMS FOR FINANCIAL INSTITUTIONS

An algorithm is a recipe for performing some computational task. The task is usually so-
mething that has general applicability and executed almost routinely: searching a list, 
multiplying matrices, and so forth. Algorithms can be built from other algorithms for more 
complex tasks, like predicting the value of a stock. Such structuring is useful because once 
we have designed the most efficient way to implement an algorithm, it becomes part of our 
software toolbox. The programmer can be assured that this efficiency is used every time, and 
thus significantly enhance the performance of the application.

There are a few algorithms which are ubiquitous in the financial industry, and therefore 
are ripe targets for seeking improvement using quantum computing. A class of interesting 
programs goes by the name of Monte Carlo, after the famous gambling region in Monaco. 
Monte Carlo programs are useful to estimate the likelihood of certain outcomes in processes 
where all the details are too complex to be accounted for exactly. For example, you may 
have noticed that some hands of solitaire are winnable, whereas others are not. What is the 
fraction of winnable to unwinnable hands? One could try to develop a complex mathematical 
theory to answer this number precisely. Alternatively, one could simply deal a random hand 
of cards, play to completion (winnable or not-winnable), and then try again. After a large 
number of such examples, a fair estimate should result; the larger the number of simulations 
considered, the more accurate the prediction is likely to be. The cost of this accuracy is, of 
course, computational power and time.

In the context of financial analysis, Monte Carlo simulations can be used to predict the fair 
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value of derivative instruments in various market scenarios. Figure 3 shows an example of 
such predictions. The more models one can run, the more accurate the simulation is and the 
better one can set the price for selling those financial instruments.

Monte Carlo simulations can be sped up using quantum computing. Classically, doubling 
the number of simulations doubles the amount of time required to get an improved answer. 
With a quantum computer, we can do better and reach the same, improved accuracy by 
generating fewer samples, thus substantially reducing computational costs.

Another case is of optimization. In many problems we are trying to minimize or maximize an 
objective function under some constraints, for instance, minimizing risk or maximizing profit. 
This is achieved by varying the parameters of the system we are constructing to reach the 
optimum. With a large number of parameters, often depending on each other in complex or 
unknown ways, it is challenging to devise computational techniques that find the optimum 
efficiency. As a consequence, we are left with the only option of trying all the possible so-
lutions, which is often very computationally costly. In these scenarios, quantum algorithms 
have been proven to beat classical algorithms making this sort of “parameter searches” 
much more efficient. 

HOW FINANCIAL INSTITUTIONS MAY WORK WITH CQC

Financial organizations are already beginning to investigate how they may take advantage 
of quantum computing, and the ones who will most benefit are those which have moved 
earliest. Potential applications include risk analysis, portfolio optimization, credit scoring, 
and derivative pricing, among others. CQC is already collaborating with several of the world’s 
leading financial institutions to develop a platform of financial quantum algorithms inclu-
ding those for Monte Carlo simulations, portfolio optimization, and encryption. Focusing on 
Proof-of-Concept cases, we are developing the core of these financial applications which 
can execute on today’s quantum hardware. As quantum hardware advances, it will be closely 
integrated with current IT systems: our applications are designed to be ready for hybrid 
quantum-classical production environments and to offer our financial partners an immediate 
commercial edge. 
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