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Definition





Goal & Application 

We would like to understand the first passage time distribution, and furthermore 
the joint distribution of Brownian motion and its maximum.

The FPTD arises from some walks (processes) such that something remarkable 
happens when it reaches a certain point (absorbing point).

The distribution is used in pricing exotic options, such as barrier options.



Recall

From volume 1, we have studied the discrete case; we use counting method and 
reflection principle to derive the FPTD for the discrete case.

As for continuous case, since we can approximate it by infinitely many discrete 
cases, so we would also like to “count” the FPTD for the continuous case.

Of course, since Brownian motion contains uncountable points, we would like to 
“count” it in a sense of integration.



Reflection Equality



Theorem 3.7.1.



proof



Remark 3.7.2.



Notes



Notes



Notes



Distribution of Brownian Motion and Its Maximum

After understanding FTPD, we can now derive the joint distribution of Brownian 
motion and its maximum, which is used in pricing barrier options.

When pricing exotic options, it is more convenient to first simulate the value before 
some time t<T, and then stimulate the maximum of the Brownian motion due to the 
property of path dependence, so we would also like to derive the conditional 
distribution of the maximum given some information.  
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Theorem 3.7.3.



proof



proof



proof



Corollary 3.7.4.



proof


