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Introduction 
One area where quantum computers appear to be very useful is in pricing financial 
options. The price of an option – such as a call option or a put option – could depend 
on many variables with stochastic behavior. For instance, the price of cattle options 
might be influenced by the cost of capital, consumer demand indicators, fuel prices 
and more. 
 
Analysts typically develop models for these underlying influencers and then perform 
Monte Carlo simulation – running many semi-random scenarios – to determine the 
expected value of an option. When multiple variables impact the price, many 
scenarios need to be considered, resulting in a long and computationally-intensive 
calculation process. 
 
Unlike classical machines that can calculate one scenario at a time, quantum machines 
are able to simultaneously consider multiple options, thus offering an opportunity to 
speed up the calculation process. Such speedup, quadratic in this case, could allow for 
quicker response in the face of changing conditions, or for more sophisticated and 
accurate calculation models. 
 
In this application note, we will demonstrate how to use the Classiq Quantum 
Algorithm Design software platform to price options. 
 

European Options 
An option is a contract for a future date. It offers the option holder the option of 
buying a particular item at a known price, called the strike price (K). For instance, the 
option holder could have the option of buying a barrel of crude oil on August 1st for 
$80. A European option is one where the ability to exercise the option (e.g., to buy the 
barrel) is only at maturity – August 1st in this case. An American option is one where 
the holder can buy the barrel anytime between now and the maturity date. 
 
Ignoring the cost of obtaining the option, the payoff for the option holder depends on 
the price of a barrel of oil at the expiration date. If the price of oil is less than $80, the 
holder will not exercise the option and thus the payoff will be zero. If the price is more 
than $80, for instance $85, the buyer will exercise the option and make a $5 ($85 less 
$80) profit. Denoting the price of oil on the maturity date as S, in mathematical terms 
the payoff function is: 
 

! 0,when	𝐾 ≥ 𝑆
𝑆 − 𝐾,when	𝐾 < 𝑆. 
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The Price Distribution Function 
The price at maturity is not known in advance, or else the option would not be very 
interesting. An analyst typically assigns a price distribution function. A commonly 
used distribution is the log-normal distribution which takes the following shape, 
where the horizontal axis shows the price at maturity and the vertical axis shows the 
relative probability of this value at maturity: 

 
 
If Z is a standard normal variable, then X, a variable with a log normal distribution is 
given by: 
 

𝑋 = 	𝑒!"#$  
 
Where 𝜇 and 𝜎 are the expected value and standard deviation respectively or Z’s 
natural logarithm. 
 
What we are looking for is the expected payoff, meaning the average payoff of many 
different runs that are distributed according to the price distribution function. 
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Quantum Implementation 
To calculate the value of the option using a quantum circuit, we perform the following 
steps: 
 

1. Load a probability mass function that 
approximates the log normal distribution.  

 
In this case, we will use three qubits (n=3), giving us a total of eight states (8 = 23). Each 
state (0 through 7 in the diagram below) will have the normalized probability mass 
function corresponding to the log normal distribution at that point. 
 

 
 
Essentially, we will initialize the circuit so that 
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Where Pi is the matching probability at position i 
 
The circuit then calculates the integral up to the strike price, providing the expected 
value that considers the probability function. We approximated the probability 
function at 8 discrete points, but if an even more accurate approximation is required, 
one could increase the number of qubits. For instance, with five qubits, there would be 
32 segments instead of 8 in the above example. 
 
To build a quantum circuit with this probability distribution as well measuring the European 
call option, the Classiq code is: 
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{ 
   "qubits_count": 10, 
       "min_depth": 1, 
       "max_depth": 1, 
       "segments": [ 
           { 
               "function": "Finance", 
               "function_params": { 
                   "model": { 
                       "name": "log normal", 
                       "params": { 
                           "num_qubits":3, 
                           "mu":0.68986, 
                           "sigma":0.132417 
                       } 
                   }, 
                   "finance_function": { 
                       "f": "european call option", 
                       "condition": { 
                           "threshold":1.896, 
                           "larger": true 
                       }, 
                       "tail_probability":0.05 
                   } 
               } 
           } 
       ], 
       "optimization": null 
} 

 
The highlighted text shows the parameters of the lognormal distribution, the measurement 
of the European call option and whether this measure is for call or put options. 
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2. Generate the circuit 
 
This code can now be used to quickly generate a quantum circuit. Press Ctrl+Shift+P 
on PC or ⇧⌘P on Mac to show the command palette and choose “Cadmium: generate 
quantum circuit” and select a name for the output. 
 
The result will look something like this: 
 
 

 
 

3. Execute the circuit 
 
Now, choose the command “Cadmium: execute circuit” and you will receive a result 
such as this: 
 
{ 
   "var_results": null, 
   "result": 0.16618366739389492 
} 

 
which shows the expected value of the payoff function  
 

Congratulations! 
You have completed the modeling and execution of a European option pricing circuit. 
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Additional options 
The “log normal” distribution and “European call option” are not the only options for 
finance pricing. For instance, here is a different distribution and a custom evaluation 
function (the key parts are highlighted): 
 
{ 
   "qubits_count": 10, 
       "min_depth": 1, 
       "max_depth": 1, 
       "segments": [ 
           { 
               "function": "Finance", 
               "function_params": { 
                   "model": { 
                       "name": "gaussian", 
                       "params": { 
                           "num_qubits":2, 
                           "normal_max_value":2, 
                           "default_probabilities":[0.15, 0.25], 
                           "rhos":[0.1, 0.05], 
                           "loss":[1, 2], 
                           "min_loss":0 
                       } 
                   }, 
                   "finance_function": { 
                       "f": "x**2", 
                       "condition": { 
                           "threshold":2, 
                           "larger": true 
                       }, 
                       "polynomial_degree": 1, 
                       "use_chebyshev_polynomial_approximation": true 
                   } 
               } 
           } 
       ], 
       "optimization": null 
} 

 
Please consult the user manual for a list of available options. 
 
 
  



 

 

July 2021 

Using Quantum Circuits to Price Financial Options 8 

 
 

REVOLUTIONIZING  
THE DEVELOPMENT OF 
QUANTUM SOFTWARE 

REQ UE ST  A  
DEMO TODA Y  

 

In this tutorial, you learned about 
European options and how to create a 
quantum circuit using the Classiq 
platform to calculate their value. We 
hope you had a chance to appreciate how 
easy it is to design such circuits with our 
platform. hello@classiq.io 

www.classiq.io 


