Black-Scholes formula 
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for put

where

q
= dividend yield

r
= risk-free interest rate

S
= underlying price

K
= strike price

N(.) 
= cumulative normal distribution

T
= option time to maturity
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Reference:  Black,F., and M. Scholes, “the Pricing of Options and Corporate Liabilities,”  Journal of Political Economy, 81 (May-June 1973), 637-59.

American option (BAW approximation)
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= European call option value
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S


= root of the equation 
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Reference: Barone-Adesi, G., and R. E. Whaley, “Efficient Analytic Approximation of American Option Values”, Journal of Finance, 42 (june 1987), 301-20.

Asian option

We use Geometric Conditioning Approximation to value Asian options. 
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= volatility of asset before averaging start
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= volatility of asset after averaging start
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Reference:  Curran, M., “Beyond average intelligence”, Risk, Nov. 1992, 60.
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