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Option Explicit

Option Base 1

'   Option Explicit means that all variables MUST BE declared

'   Option Base 1 means that arrays start with 1 instead the defaul 0

Function Vcrit(Inv As Double, r As Double, d As Double, sig As Double, T As Double) As Variant
         Dim Bperp As Double

         Dim B0 As Double

         Dim ht As Double

         Dim Beta As Double

If T <= 0 Then

                Vcrit = Inv

            Else
            
If d <= 0 Then

                           Vcrit = "Earlier exercise is not optimal"

            
Else                
                    Beta = (0.5 - ((r - d) / (sig ^ 2))) + Sqr(((((r - d) / (sig ^ 2)) - 0.5) ^ 2) + (2 * r / (sig ^ 2)))

                    Bperp = (Beta / (Beta - 1)) * Inv

                    B0 = Application.max(Inv, (r / d) * Inv)

                    ht = -((r - d) * T + 2 * sig * Sqr(T)) * B0 / (Bperp - B0)

                    Vcrit = B0 + (Bperp - B0) * (1 - Exp(ht))

                End If

            End If

End Function

Function BlackScholesMerton(V As Double, Inv As Double, r As Double, _

         d As Double, sig As Double, T As Double) As Double

'   Calculates the European Call Option in a general framework (allows dividend yield, Merton) 
         Dim h1 As Double

         Dim h2 As Double

         If T <= 0 Then

         BlackScholesMerton = Application.Max(V - Inv, 0)

          Else

          h1 = (Log(V / Inv) + ((r - d) + sig ^ 2 / 2) * T) / (sig * Sqr(T))

            h2 = h1 - sig * Sqr(T)

            BlackScholesMerton = V * Exp(-d * T) * Application.NormSDist(h1) - _

            Inv * Exp(-r * T) * Application.NormSDist(h2)

         End If

End Function
Function BjStAmericanCall(V As Double, Inv As Double, T As Double, _

         r As Double, d As Double, sig As Double) As Double

         Dim Vcritical As Double

         Dim alpha As Double

         Dim Beta As Double

         If d <= 0 Then '// Equal to European Call

            BjStAmericanCall = BlackScholesMerton(V, Inv, r, d, sig, T)

         Else

                Beta = (0.5 - ((r - d) / (sig ^ 2))) + Sqr(((((r - d) / (sig ^ 2)) - 0.5) ^ 2) + (2 * r / (sig ^ 2)))

                Vcritical = Vcrit(Inv, r, d, sig, T)

                alpha = (Vcritical - Inv) * Vcritical ^ (-Beta)

                If V >= Vcritical Then

                    BjStAmericanCall = V - Inv

                Else

                    BjStAmericanCall = alpha * V ^ Beta - alpha * prob(V, T, Beta, Vcritical, Vcritical, r, d, sig) + _

                    prob(V, T, 1, Vcritical, Vcritical, r, d, sig) - prob(V, T, 1, Inv, Vcritical, r, d, sig) - _

                    Inv * prob(V, T, 0, Vcritical, Vcritical, r, d, sig) + Inv * prob(V, T, 0, Inv, Vcritical, r, d, sig)

                End If

         End If

End Function

Function prob(V As Double, T As Double, conta As Double, h As Double, Vcrit As Double, _

         r As Double, d As Double, sig As Double) As Double

         Dim lambda As Double

         Dim kappa As Double

         Dim b As Double

         lambda = (-r + (conta * (r - d)) + 0.5 * conta * (conta - 1) * sig ^ 2) * T

         b = -(Log(V / h) + ((r - d) + (conta - 0.5) * sig ^ 2) * T) / (sig * Sqr(T))

         kappa = 2 * (r - d) / (sig ^ 2) + (2 * conta - 1)

         prob = Exp(lambda) * V ^ conta * (Application.NormSDist(b) - (Vcrit / V) ^ kappa * _

         Application.NormSDist(b - 2 * Log(Vcrit / V) / (sig * Sqr(T))))

End Function

