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Abstract 

This article researches the option violations through boundary tests, convexity tests, 
put-call parity test and Black-Scholes model from Chicago Board Options Exchange 
Chicago Board Options Exchange trading data in January 2017. This research conducts 
the rates of violations and the profits for arbitrage based on the results of different 
violation tests, which appears lowest in boundary tests with least profit and highest in 
put call parity test. Yet the violation in Black-Scholes is the most profitable for arbitrage 
instead of put call parity that has especial high violation rate; the data from result 
displays the arbitrage profit in real option market that could provide further estimation 
in future. 
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1. Introduction 

1.1. CBOE and Types of Options  

Chicago Board Options Exchange (CBOE) was established by the Chicago Board of Trade in 
1973 to trade the listed standardized, exchange-traded stock options. Option, as a financial 
derivative, gives buyers the right, but not the obligation, to buy or sell an underlying asset at a 
set price and during a period. Generally, one contract option contains 100 shares of the 
underlying stock. The call option and the put option are the two types of options. A call option 
is the right to buy (but not an obligation) an underlying asset during a set period of time at a 
specified price, while a put option is the right to sell an underlying asset at a specified price. To 
have the right to buy or sell, buyers will be asked to pay a fee for each option as the option 
premium (C for the call premium, P for the put premium). The pricing of the option is related 
to relevant variables, such as the current stock price S, the strike price X, the time to 
maturity(years) T, and etc. The various factors needed to test mispricing depend on different 
tests and models. 

1.2. Terms and Definitions 

The relationship between the stock price and the strike price could put options into three 
categories of moneyness. Generally, in-the-money is the case that the stock price is greater than 
the strike price for the call option, while the stock price is less than the strike price for the put 
option. At-the-money is the case when the stock price equals the strike price. Out-of-the-money 
is the case that the stock price is less than the strike price for the call option, while the stock 
price is greater than the strike price for the put option. However, the consideration of the 
sample for at-the-money options will be too small, even 0 outcomes for some times, if following 
the general setting. Therefore, the ratio of the strike price to the stock price for the moneyness 
to all violation tests is applied.  

𝑀𝑜𝑛𝑒𝑦𝑛𝑒𝑠𝑠 =  
𝑆𝑡𝑟𝑖𝑘𝑒 𝑃𝑟𝑖𝑐𝑒

𝑆𝑡𝑜𝑐𝑘 𝑃𝑟𝑖𝑐𝑒
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For the call options, at-the-money call options have the moneyness between 0.97 to 1.03; in-
the money call options have the moneyness over 1.03; and out-of-the-money call options have 
the moneyness lower than 0.97. For the put options, at-the-money put options have the 
moneyness between 0.97 to 1.03; out-of-the money put options have the moneyness over 1.03; 
and in-the-money put options have the moneyness lower than 0.97. (Table 1) 

 

Table 1. Moneyness 
Moneyness (𝑋 𝑆⁄ ) 𝑋 𝑆⁄  < 0.97 0.97 < 𝑋 𝑆⁄  < 1.03 𝑋 𝑆⁄  > 1.03 

Call Option Out-of-the-money At-the-money In-the-money 
Put Option In-the-money At-the-money Out-of-the-money 

 

There are two kinds of positions for option. The long position is to pay the premium to the 
writer of the option to buy the right to buy or sell the underlying asset at a set price and during 
a period. The short position is to write (sell) the right to others and receive money from the 
buyers, then have the obligation to sell or buy the underlying asset at a set price and during a 
period. 

There are three ways to close an option position. The first method is the offset trade, that buyers 
sell the options they had long positions with the same underlying asset, maturity, and exercise 
price. Second, buyers could exercise the long option positions they own, that send the strike 
price to get the stock for call options, or that send the stock price to get the exercise price for 
put options. The last way is to wait for the option to expire out of the money. 

The payoff calculation for the naked (assuming no premium) call is S-X and for the naked put is 
X-S. Then the intrinsic value is calculated as max (0, S-X) for the long naked call position and 
max (X-S,0) for the long naked put position, while it is min (0, S-X) for the short naked call 
position and min (0, X-S) for the short naked put position.  

1.3. Data Description 

The data analyzed is from Chicago Board Options Exchange (CBOE) for three different major 
stocks - Facebook, Google, and Apple, as well as some smaller stocks, with the date in January 
2017. As a whole, there are 20 (issue) dates in January 2017, from January 3, 2017 to January 
31, 2017, 631 unique stocks as the underlying stocks for those options, and 267 entries as the 
days to maturity. One stock only has one stock price for one specific date and one specific day 
to maturity. The strike prices with a specific underlying stock on a specific date and maturity 
are the same for call and put. The days to maturity with a specific underlying stock and strike 
price on a specific date are the same for call and put. The risk-free rate using is the treasury bill 
rate for January 2017, which is 5%. Though the data are from US markets, when it comes to 
tests for European options treated those options as European’s. 

1.4. Research 

In this research, the aim is check the mispricing violation among the real-world option data, 
which is important because it will lead to arbitrage opportunity and profit. To achieve that, 
examination of the actual option prices for boundary tests is applied, including upper bound, 
lower bound, strict upper bound, and strict lower bound, and several violation tests, including 
exercise price violation, convexity violation, and maturity condition violation, as well as put-
call parity and Black-Scholes model. Having the ratio of violation among the total options with 
respect to different individual tests and moneyness, the amount of the arbitrage opportunity 
could be exploited to those conditions. Moreover, setting of the methods estimate the arbitrage 
profit to different subsets, in addition to considering the transaction cost in arbitrage. When 
calculating the arbitrage profit, this research only consider to buy low and sell high and assume 
those options are dead during the maturity, that is, there is no exercise nor obligation to pay 
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back. For the transaction fee, as the options trading per contract fee is counted as $0.5 for each 
contract trading.  

2. Data and Methodology 

For the methodology, it consists various and specific methods used for the corresponding 
violation tests, which composes the concepts, notations, hypothesis and principles of those test 
methods. Below, the list of some notations for the further details of the methodology is shown: 
- CE: the price of European call option   
- CA : the price of American put option 
- PE: the price of European put option price 
- PA: the price of American call option 
- ST: the stock price today  
- SM: the stock price at maturity day 
- X: the strike price of the stock  
- PV(X): the present value of the strike price 
- T: days of maturity 
- rf: risk-free rate, assuming 5% as risk free rate for all the tests 
- σ: volatility of the stock 

For tests other than Put-Call Parity and Black Scholes Model, one overpricing or underpricing 
option may be found when comparing with its sorted neighbor option, following the rule “buy 
low sell high” to count the violation and to estimate the arbitrage profit. When it comes to Put-
Call Parity and Black Scholes Model,  the comparation between the actual option price and the 
synthetic option price for each model, falling the rule “buy low sell high” to count the violation 
and to estimate the arbitrage earning.  

2.1. The General Tests for Options  

Boundary Tests 

For every call and put options, all of them have bounds that is the appropriate range to fall 
within. For both American and European call options, which offer the buyers the right to 
purchase certain number shares of one specific stock at arranged price, consequently the call 
option should not worth more value than the stock itself, otherwise the arbitrageurs could 
make profit without any risk through purchasing the stock and selling the call option. Therefore, 
the upper bound of all the call option is the stock price is: 

𝑪𝑬 <  𝑺𝑻 & 𝑪𝑨 <  𝑺𝑻 

The lower bound for the American call options without dividend from the stock is:  

𝑪𝑨 > 𝒎𝒂𝒙(𝟎, 𝑺𝑻 − 𝑿) 

The lower bound for European call options without dividend from the stock, also referring strict 
lower bound for call options, is: 

𝑪𝑬 > 𝒎𝒂𝒙(𝟎, 𝑺𝑻 − 𝑿) 

For both American and European put options that offer the buyers the right to sell certain 
number shares of one specific stock at arranged price, consequently the option should not 
worth more value than the stock strike price for American put option; additionally, the 
European options should not have higher price than the present value of the stock, otherwise 
the arbitrageurs could make profit without any risk through sell the put option. Therefore, the 
upper bounds of American and European put option are the stock price is: 

𝑷𝑬 < 𝑷𝑽(𝑿) & 𝑷𝑨 <  𝑿 

The lower bound for the American put options without dividend from the stock is:  

𝑷𝑨 > 𝒎𝒂𝒙(𝟎, 𝑿 −  𝑺𝑻) 
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The lower bound for European put options without dividend from the stock, also referring strict 
lower bound for put options, is: 

𝑷𝑬 > 𝒎𝒂𝒙(𝟎, 𝑿 −  𝑺𝑻) 

The table 2 below explains how the five essential factors—stock price, strike price, time of 
maturity, risk-free rate and volatility –could influence the price of put and call options. 

 

Table 2. The Influence of Basic Five Factors on Option Pricing 
Increase in\influence on Call price Put price 

Stock price(ST) Increase ↑ Decrease ↓ 
Strike price(X) Decrease ↓ Increase ↑ 

Time of maturity(T) Increase ↑ Increase ↑ 
Risk-free rate(rf) Increase ↑ Decrease ↓ 

Volatility(σ) Increase ↑ Increase ↑ 

 

2.2. Put-Call Parity 

The Law of One Price indicates if the two portfolios with different assets always have the same 
payoff at the same time, their price must always be the same too. This rule also apply in the 
principle of Put-Call Parity, since purchase of certain stock and its put option has equal value of 
the risk-free bond with face value of strike price and its call option with same maturity. Hence, 
the equation of Put-Call Parity expresses similarly: 

𝑺𝑻 + 𝑷𝑬 = 𝑪𝑬 + 𝑷𝑽(𝑿) 

By changing the side of elements in this equation, the synthetic put and call equations could be 
easily expressed below: 

𝑷𝑬 = 𝑪𝑬 + 𝑷𝑽(𝑿) − 𝑺𝑻 

𝑪𝑬 =  𝑺𝑻 + 𝑷𝑬 − 𝑷𝑽(𝑿) 

Furthermore, even the present value of strike price and the synthetic T-Bill could be calculated, 
which is brought as same as the stock or option. 

𝑻 − 𝑩𝒊𝒍𝒍 =  𝑺𝑻 − 𝑪𝑬 + 𝑷𝑬  

𝑷𝑽(𝑿)  =  𝑺𝑻 − 𝑪𝑬 + 𝑷𝑬 

2.3. Black-Scholes Model 

As the most graphs of the stock returns distribute as the lognormal distribution, the intuition 
of the lognormal distribution for stock returns could be explained through continuous 
compounding, which is the log return. Since the stock returns after natural log could be 
considered as the variable that normally distributed, the actual stock returns through 
continuous compounding, which could be easily proved that variable in lognormally distributed. 
Therefore, the assumption of lognormal distributed stock returns not only consistent with the 
real stock return graphs but also avoid the probability of negative stock price. Besides the 
distribution of the stock returns, Black-Scholes Model prices an option through the riskless 
portfolio combining both the positions of the option and the underlying asset, which effectively 
eliminates the risk. The investors could obtain the value of the portfolio by subtracting the risk-
free rate with the option expired days, because the risk-free rate is the only return of the 
riskless portfolio. However, there is chance for arbitrageurs to making profit through 
purchasing the stock or its underpriced option, if the option sells at any other price that is not 
consistent with Black-Scholes Model. In addition, the same underlying uncertainty shared by 
the stock price and option price, which allows gain or loss during the maturity of the options by 
stock price changing. A appropriate riskless portfolio is set up with the stock and option 
position by hedging ratio to neutralize the risk and maintain the holistic value of portfolio with 
certainty. Considering the relationship between the option price and the price of underlying 
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assets, the perfect positive correlation between the price of call option and the underlying stock 
price and the perfect correlation between the price of put option and the underlying stock price 
could offset the fluctuating gain and loss before expiration; hence, the return of riskless 
portfolio with any short period of maturity must be close to the risk-free interest rate.  

Based on those ideas, the value of options could be estimated through Black Scholes Model. The 
synthetic call for Black Scholes Model is constructed as  

𝐶𝑠𝑦𝑛 = 𝑆 × 𝑁(𝑑1)  −  𝑋𝑒−𝑟𝑇𝑁(𝑑2)  = 𝑆 × 𝑁(𝑑1)  +  𝐵 

where 𝑑1 =
ln(

𝑆

𝑋
)+𝑟𝑇+

𝜎2𝑇

2

𝜎√𝑇
, 𝑑2 = 𝑑1 − 𝜎√𝑇. 

Combining the thought of Put-Call Parity, also based on the Law of One Price, the synthetic put 
for Black Scholes Model is  

𝑃𝑠𝑦𝑛 =  𝑆 × [𝑁(𝑑1) − 1] − 𝑋𝑒−𝑟𝑇[𝑁(𝑑2) − 1]. 

When the actual call price is overpricing, that the actual call price is greater than the Black 
Scholes synthetic call price, the method is to buy the synthetic call and sell the actual call, that 
to buy low sell high as mentioned. This is a delta-neutral strategy – risk-free arbitrage.  

3. Literature Review 

According to the research of the relations among option prices (Amin, Coval and Seyhun 2004) 
[1], the stock market momentum and the forecast through standard option pricing models, 
Black-Scholes model and binomial model are proved by the discrepancies of expected and 
actual prices of options in the imperfect market (Figleski 1989) [2]. In the superficial 
perspective, the discrepancies of theoretical and actual values are not inappropriate to exist in 
option markets where any extreme deviations of expected prices would be eliminated 
(Evenmine and Rudd 1985) [3] In fact, the arbitrages are constrained by not only the 
transactions cost but also the unknown volatility referring past stock returns influenced by 
other factors that should be taken into account, such as price pressure on the investor (Shiller 
1981) [4]. The data used is on Standard and Poor’s 100 index options (OEX options) prices 
between March,1983 and December 1995. First, the chi-square tests of the relation between 
number of option pairs with boundary condition violation and past 60-day market return 
indicates the historical stock return influenced of price pressure is significant enough to lead 
the violations of boundary condition tests. In addition, their regression tests of two kinds of 
boundary violations of put-call parity demonstrates how the exact relation between put and 
call options and past stock return from 10- to 100 daylight past stock return: there are more 
violations on call options when the past stock return increases; there are more put option 
violations when the past stock return decreases. Besides, the research finding suggests that 
systematic variation of implied volatilities of options could ameliorate the functions of examine 
risk premia and chances of the arbitrage. Since the change of historical stock return could 
increase both put and call options implied volatilities for short maturity options, this pattern 
refers to U-shaped implied volatility that more dramatic changes in stock return relates higher 
estimated implied volatility. For their further research on skewness expectations and kurtosis 
measure, the situation that investors have trend on biding up options prices when they expect 
higher skewness in stock return is accordant to the positive relation between skewness 
expectation and volatility spread, but the kurtosis measure doesn't work in the general investor 
expectations on crash. This research provides significant reference and contribution for 
empirical methods to suggest the relations among influences of past stock market momentum 
on options, boundary violations and estimated implied volatility. 

For the Cross section of option return and idiosyncratic stock volatility (Cao and Han 2013) [5], 
they utilizes several statistical methods to analyze models with respect to different volatilities 
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and each single U.S. stocks and these stock options to demonstrate the inverse relationship 
between idiosyncratic volatility and delta-hedging stock option return for every individual 
stock options. They use the standard deviation, the implied volatility in Black-Scholes Model 
and the standard deviation of residuals (Fama and French 1993) [6]. Three-factors Model, also 
define the systematic volatility, which have lower return on average for the past study of 
relationship between cross-section distribution of options returns and idiosyncratic risk. 
Additionally, the authors contrast the four various arguments from historical research, which 
still puzzles researchers contemporarily. 

From the article (Coval & Shumway 2000) [7] focus on theoretic and empirical option returns, 
including call, put and straddles returns. The authors provide the examination about long-run 
option return through asset pricing to theories, which offers significant evidence of put and call 
contracts with extreme lower returns to than expected. In addition, from the he evidence of 
zero-metal straddle returns, the authors argue that the systematic stochastic volatility might 
the another factor influential to pricing assets. Using the data from S&P 500 index option 
between January 1990 to October 1995, the authors examine the average and straddle returns 
for this 6 year long data, and the results of straddle returns, which is determined by innovations 
in market volatilities, illustrate that selling the straddles could be less risky for the investors. 
Moreover, the research about time-series variation in portfolio returns could also be explained 
by the volatility factor. 

Using the aggregate volatility factor (Coval & Shumway 2000) [7] and linear factor models 
(Fama and French 1993) [6], this paper (Goyal and Sarretto 2007) [8] not only comprehend the 
logic behind long-short straddles portfolio with higher average return when aggregate 
volatility increases but also find returns of long-short strategy which has positive relation with 
volatility factor based on assumption of negative risk premium. Their data from Ivy DB 
database during 1996 to 2005. They emphasize they research doesn't depend on the Black and 
Scholes model; instead of the Black and Scholes model, they choose to understand implied 
volatility through option prices that are not generated by the Black and Scholes model. They 
claim that the profits of their portfolios would be more if using the implied volatility calculated 
through option prices, such as the model-free implied volatility from (Jiang and Tian 2005) [9]. 
Furthermore, the authors argues about the misestimate in stochastic volatility among economic 
agents, which is resulted from the ignorance of mean reversion and cross-sectional distribution 
of implied volatility that is more closer to the actual values of options. Also the authors discuss 
the current overreaction among investors who ignore long-run mean reversion in implied 
volatility and emphasize the focus of short-term implied volatility for their individual 
estimation of long-term implied volatility, which is supported by the other researches (Stein 
1989 and Poteshman2001) [10][11]. 

4. Findings 

4.1. Boundary Tests 

In the table 3, the violation rates for both call and put options with various moneyness are 
displayed. The overall violation rates are not very high, since the violation rates of the most 
option do not exceed 1%. Only the out-of-the-money call options has the violation rate over 1%, 
which is especially noticeable. The strict lower bound violation rate for the out-of-the-money 
call options rises to 8.85% that is the highest violation rate for the boundary violation tests. 
Besides, in-the-money call and put options has particularly low violation rate, because there is 
no lower bound violation for in-the-money call and put options. For the majority of low 
boundary violation rates, the boundary violation is the easiest violation for arbitrage. Hence, 
the rates of boundary violation are lower than other violation tests. 
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Table 3. Boundary Tests Result 
Option 
Type 

Moneyness N 
Lower Bound 
Violation Rate 

Strict Lower Bound 
Violation Rate 

Upper Bound 
Violation Rate 

Strict Upper Bound 
Violation Rate 

Total Violation 
Rate 

Call 

In-the-money 435530 0 0.01% 0.24% N/A 0.25% 
At-the-money 81821 0.14% 0.35% 0 N/A 0.49% 

Out-of-the-money 531224 0.11% 8.85% 0.37% N/A 9.33% 
Total 1048575 0.07% 4.51% 0.29% N/A 4.87% 

Put 

In-the-money 531224 0 0 0.16% 0.17% 0.33% 
At-the-money 81821 0.12% 0.09% 0.01% 0.01% 0.23% 

Out-of-the-money 435530 0.08% 0.04% 0.43% 0.45% 1.00% 
Total 1048575 0.04% 0.03% 0.26% 0.28% 0.61% 

 

4.2. Convexity Violation 

The amount increase in exercise price decreases the call price by less than that amount, but in 
decreasing increments; the amount increase in exercise price increases the put price by less 
than that amount, but in increasing increments. If the change in exercise price violates this 
pattern, the change for arbitrage will appear. The violation rates for call and put regarding the 
convexity violation are 21% and 16% respectively without considering the moneyness. When 
the moneyness divides the sample to three subsets, the violation rates vary.  However, what is 
explored before in exercise price violation, that the violation rates with respect to the call and 
put are similar when those two types of options have the same moneyness, also works for 
convexity violation. When the call option and put option are both in-the-money the violation 
rates are below 1%. The violation rates for at-the-money call and at-the-money put are both 
around 2%. The violation rates for out-of-the-money call and out-of-the-money put are 40% 
and 37% respectively. Among all set calculating the arbitrage profit, call option as a total earn 
the most, however, considering the violation rate respectively, the put option without 
considering moneyness has a lower violation rate but a higher arbitrage profit compare to other 
sets.  

 

Table 4. Convexity Test Result 
Option Type Moneyness N Violation Rate Arbitrage Profit Arbitrage Profit (transaction fee included) 

Call 

In-the-money 435546 0.57% $565920 $563428 
At-the-money 81821 2.07% $232639 $230948 

Out-of-the-money 531207 40.02% $55388638 $55176051 
Total 1048574 21.20% $58029972 $57807654 

Put 

In-the-money 531207 0.79% $987657 $983468 
At-the-money 81821 2.08% $226266 $224561 

Out-of-the-money 435546 37.08% $47596491 $47434971 
Total 1048574 16.56% $50849405 $50675773 

 

4.3. Maturity Violation 

Option prices rise with increasing maturity; however, the options with higher prices but less or 
same maturity would offer the chance for arbitrageurs. The violation rates for call and put 
regarding the maturity violation are around 11-12% without considering the moneyness. When 
the moneyness divides the sample to three subsets, the violation rates vary.  However, what is 
found before in exercise price violation, that the violation rates with respect to the call and put 
are similar when those two types of options have the same moneyness, also works for maturity 
violation. When the call option and put option are both in-the-money respectively, the violation 
rates are about 10%. The violation rates for at-the-money call and at-the-money put are both 
around 2%. The violation rates for out-of-the-money call and out-of-the-money put are both 
about 15%. Among all set calculating the arbitrage profit, call option without considering 
moneyness earn the most, however, considering the violation rate respectively, the put option 
as a total has a lower violation rate but a higher arbitrage profit compare to others.  
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Table 5. Maturity Test Result 
Option Type Moneyness N Violation Rate Arbitrage Profit Arbitrage Profit (transaction fee included) 

Call 

In-the-money 435546 10.74% $2842173 $2759713 
At-the-money 81821 2.02% $128734 $126334 

Out-of-the-money 531207 14.83% $4607151 $4483383 
Total 1048574 12.13% $7578058 $7369430 

Put 

In-the-money 531207 9.87% $3385486 $3293487 
At-the-money 81821 2.36% $157835 $155139 

Out-of-the-money 435546 15.20% $3834751 $3731575 
Total 1048574 11.50% $7378072 $7180201 

 

4.4. Exercise Price Violation 

Call prices decline with increasing exercise price; put prices increase with increasing exercise 
price. Nevertheless, when the options prices behaves inversely on exercise price, and the 
violation for exercise price would occur. The violation rates for call and put regarding the 
exercise price violation are around 20% without considering the moneyness. When the 
moneyness divides the sample to three subsets, the violation rates vary.  However, the violation 
rates with respect to the call and put are similar when those two types of options have the same 
moneyness. When the strike price is smaller than the stock price, that is, in-the-money for the 
call option, the violation rate is about 34.18%; while the violation rate for the in-the-money put 
option is about 34.30%. Moreover, the violation rates for at-the-money call and at-the-money 
put are both around 1.3%, while those for out-of-the-money call and out-of-the-money put are 
5.52% and 4.07% respectively. Among all set calculating the arbitrage profit, call option as a 
total earn the most, however, considering the violation rate respectively, the out-of-the-money 
call option has a lower violation rate but higher arbitrage profit compare to others.  

 

Table 6. Exercise Price Test Result 
Option Type Moneyness N Violation Rate Arbitrage Profit Arbitrage Profit (transaction fee included) 

Call 

In-the-money 435546 34.18% $5055447 $4906597 
At-the-money 81821 1.26% $60462 $59428 

Out-of-the-money 531207 5.52% $38187108 $38157783 
Total 1048574 18.15% $93045522 $92855224 

Put 

In-the-money 531207 34.30% $6371321 $6189135 
At-the-money 81821 1.36% $64336 $63221 

Out-of-the-money 435546 4.07% $26162644 $26144929 
Total 1048574 20.03% $88274373 $88064357 

 

4.5. Put-Call Parity Violation 

The violation rates of Put-Call parity is tremendous by contrast to other violation test results, 
since all of the violation rates for Put-Call parity are higher than other violation tests, which are 
mainly led by the overpriced put options and underpriced call options. Even for the at-the-
money options that have lower violation for the most of violation tests, they also perform high 
violation in Put-Call parity. In addition, it is clearly that the violations of call option boost when 
moneyness of call options increases, yet the put options has inverse relation with moneyness. 
As the call option violation arrive 98.3% from 46.75% by rising the moneyness, the most of call 
options has the price less than the expected. Following the same logic, when the moneyness of 
the put options drops, the violation rate of put option increases obviously from 75.91% to 
95.97%. However, the profits of put and call options has same trend from moneyness, because 
whether the call or put options have less profit for in-the-money contrary to out-of-money. 
Despite of high violation rate for in-the-money put options, the profit of out-of-the-money put 
options is more. 
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Table 7. Put Call Parity Test Result 
Option Type Moneyness N Violation Rate Arbitrage Profit (transaction fee included) 

Call 

In-the-money 435530 98.30% $102,093,517 
At-the-money 81821 16.22% $9,088,110 

Out-of-the-money 531224 46.75% $107,010,461 
Total 1048575 71.05% $222,072,877 

Put 

In-the-money 531224 95.97% $67,599,339 
At-the-money 81821 15.74% $12,968,900 

Out-of-the-money 435530 75.91% $72,423,363 
Total 1048575 86.89% $149,110,813 

 

4.6. Black-Scholes Model  

For the Black-Scholes Model, the data was filtered to only include the options with not dividend 
release. Compare to other tests, it does not contain extreme value for violation rate, such like 
2% as extreme small or over 90% as very high level of violation. All the violation rates 
computed in Black-Scholes Model, no matter for call or put, or for various moneyness, are 
within the range between one third and four fifth; the lowest one is 35% for in-the-money call 
option; the highest two are about 77% for out-of-the-money call option and out-of-the-money 
put option. What found before, that the violation rates with respect to the call and put are 
similar when those two types of options have the same moneyness, also works for the results 
on Black-Scholes Model. Moreover, for this data sample, the call option violation rate decreases 
from out-of-the-money set (𝑋 𝑆⁄ <0.97), to at-the money set (0.97<𝑋 𝑆⁄ <1.03), till in-the-money 
set (𝑋 𝑆⁄ >1.03), that from 78% to 58%, till 35%; yet the put option violation rate decreases 
from out-of-the-money set (𝑋 𝑆⁄ >1.03), to at-the money set (0.97<𝑋 𝑆⁄ <1.03), till in-the-money 
set (𝑋 𝑆⁄ <0.97), that from 77% to 63%, till 43%. Among all set calculating the arbitrage profit, 
the put option without considering moneyness earns most, while considering the violation rate 
respectively, it also has a lower violation rate but a higher arbitrage profit compare to other 
sets.  

Table 8. Result from Black-Scholes Model 
Option Type Moneyness N Violation Rate Arbitrage Profit Arbitrage Profit (transaction fee included) 

Call 

In-the-money 425354 34.98% $47018113 $46594047 
At-the-money 79567 57.70% $15860384 $15781165 

Out-of-the-money 518852 77.67% $91471737 $90953369 
Total 1023773 58.38% $154350224 $153328581 

Put 

In-the-money 518852 42.66% $63961466 $63442827 
At-the-money 79567 62.64% $16274836 $16195413 

Out-of-the-money 425354 76.58% $74386104 $73960974 
Total 1023773 58.31% $154622406 $153599214 

 

5. Conclusions 

This research investigates the profitable strategies in CBOE – boundary violation, put call parity 
violation, convexity violation, maturity violation and the violation based on Black-Scholes 
model for option pricing – and measures the exact rate of violation and profit for each strategy. 
In the consequence, CBOE is the comparatively mature option market that appears dramatic 
violation rate based various tests.  

As the six tables for the different violations displays, the violations of upper and lower price 
bound is the lowest: only the strict lower bound violation for call option with out-of-the-money 
exceeds 1%, which generally represent the insignificance of boundary test violations among 
tremendous options and relative steady market in CBOE that does not have much obvious 
boundary violation rate. However, the violation rates for Black-Scholes model and put call 
parity still remains extreme high rate. The violation rate for Black-Scholes model is more than 
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half overall for both call and put options, and the violation rates for put call parity is about 70% 
for total call options and close 90% for all the put options. Unexpectedly, the moneyness of 
those two type violation behaves in completely opposite directions. For the violation of Black-
Scholes model, the violation rates decrease when the moneyness increases: the violation rates 
for out-of-the-money both put and call options are higher than  at-the-money options, and rates 
for at-the-money options are higher than in-the-money options listing in Table 6. Nevertheless, 
the increase of put call parity violation rates among call options follows the pattern with 
increasing moneyness without speaking of relative less data of in-the-money options. In Table 
2, the out-of-money violations for the call options is about 20% lower than the in-the-money 
violations, but the violation of put options fall into the same intuition as the Black-Scholes 
model violations.  

Besides, the profits among those different arbitrage model are different. Table 1 of boundary 
test with special low rate, so the profit is ignored in the table. For the other tables, the 
profitability is shown. The arbitrage profit from mispricing of Black-Scholes model is most 
impressive that reaches 153 millions, and there is also 149 millions as the total profit from put 
call parity. Since the analysis above already discussed the high violation rate of those two tests, 
the correlated high profitability is expected. Although the research accounts all the transaction 
fees for all kind of violations, the change of violation rates is not obvious before and after 
transaction costs generally. Therefore, all the arbitrage profits are calculated after deducting 
transaction costs. Yet the most violation tests involve both purchasing and selling, the 0.5$ as 
transaction costs are taken twice, 1$ per trade. 

The tremendous data appears with arbitrage opportunities in this paper. Whether the 
surprising profit from Black-Scholes model mispricing or the stunning violation rates for put 
call parity are persuasive as evidence that the CBOE are not theoretical markets and has 
significant opportunity for arbitrageurs. Hence, the growth of the option market are excited for 
evolving more arbitrage models, and the more profit chance might be exploited in the future.  
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