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In this white paper we will derive the equations for selected Greeks applicable to the uncapped guarantee. We will
leave the derivation of the Greeks applicable to the capped guarantee to the ambitious reader. The Greeks that we

will derive will be used in Part VI of this series to prove the PDE.

In Part IV of this series we defined the variables dq, ds, d3 and d4 as follows...

dy = [m(iﬁ) - (a—¢—202)(T—t)]/a\/ﬁ

dy=dy —oVT —t
ds = [m(DT;ACtMD) - <a¢>;02>(Tt)]/m/ﬁ
dy=ds —oVT — 1 1)

In Part IV we defined the functions f(«,t) and g(¢,t) as follows...

f(a,t) =Exp { —a(T - t)} ..and... g(¢,t) = Exp { —o(T - t)} (2)
Using Equations (1) and (2) above the equation for the value of an uncapped guarantee from Part IV is...

Gy = Dr f(a,t)CND [dl] —TA,g(¢,t) CND [dQ] (3)

Delta - Uncapped Guarantee

The first derivative of Equation (3) above with respect to enterprise value is...
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Note the following equality from Equation (27) below...
SCNDldy] dCNDld,]
Arg(o,1) oA, Dr f(a,t) oA, (5)
Using Equation (5) above we can rewrite Equation (4) above as...
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Using the chain rule we can rewrite Equation (6) above as...
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Using Appendix Equations (40) and (41) below we can rewrite Equation (7) above as...
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Note that the functions in Equation (8) above are referenced below...
g(¢,t) : See Equation (39) ; (SC]Z%JD[M : See Equation (44) ; CND|dz] : See Equation (44)
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Gamma - Uncapped Guarantee

The second derivative of Equation (3) above with respect to enterprise value is...
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Using the chain rule we can rewrite Equation (10) above as...
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Using Appendix Equations (40) and (41) below we can rewrite Equation (11) above as...
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Using Appendix Equations (40) and (41) below note the following...
6%dy 1 4
A2  oJT —t '
Using Equation (13) above we can rewrite Equation (12) above as...
52Gy Ay 62CND[ds] 6%dy dCND[ds] dds
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Note that the functions in Equation (14) above are referenced below...
ND 2CND
g(¢,t) : See Equation (39) ; (SOTZ[@] : See Equation (44) ; (SCTJQ[GZZ] : See Equation (46)
2 2
d 2d
9dy : See Equation (41) ; 0ds : See Equation (41)
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Theta - Uncapped Guarantee

The derivative of Equation (3) above with respect to time is...
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Using Appendix Equations (38) and (39) below we can rewrite Equation (17) above as...
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Using Equation (1) above note the following...
. _ (Sdg _ (5d1 (o
Using Equation (19) above and the chain rule we can rewrite Equation (18) above as...
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Note that per Equation (30) below...
SCNDIdy] dCND[d4]
Using Equation (21) above we can rewrite Equation (20) above as...
ND
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After combining terms we can rewrite Equation (22) above as...
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Note that the functions in Equation (23) above are referenced below...
f(a,t) : See Equation (38) ; g(¢,t) : See Equation (39) ; CND {dl} : See Equation (44) (24)
CND |:d2:| : See Equation (44) ; (SC](\;TD[(M : See Equation (44) ; (SCJ(\;TD[M : See Equation (44) (25)
1 2
od
5—; : See Equation (40) (26)
Simplifying Equation Proof
We will prove the following equation...
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Using the chain rule we can rewrite Equation (27) above as...
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Using Appendix Equation (41) below note the following...

ody  ddg
it 2
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Using Equation (29) above we can rewrite Equation (28) above as...
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A ——F =D _
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Using Appendix Equation (44) below we can rewrite Equation (30) above as...
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Using Equation (1) above note the following...
dy =dy —oV/T —t ..such that... di = d? —2d,0VT —t + (T —t) (32)
Using Equation (31) above we can rewrite Equation (30) above as...
L L 5 L oo
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Using Equation (2) above we can rewrite Equation (32) above as...
1
AtEXp{ —¢ (T — t)} Exp {dla\/T— t— 202(T—t)} = DTEXp{ —a(T - t)} (34)
If we take the log of both sides of Equation (33) above then we get the following equation...
1
In (At> —¢ (T —t)+diovT —t — 5 o*(T—t)=1In (Dt> —a(T —1) (35)
Using Equation (1) above note the following...
1
dioVT —t=1In (DT) —1In (At> - <oz—¢— 202>(T—t) (36)

Using Equation (35) above we can rewrite Equation (35) above as...

1n(At> —¢(T—t)+1n<DT> —ln<At> - (a—¢—;UQ)(T—t)—;UQ(T—t):1n<Dt> —a(T —1t)

In (Dt) —a(T-t)=In (Dt> —a(T-1)
0=0 (37)

Using the result of Equation (37) above we have proved Equation (27) above.

Appendix

A. Using Equation (2) above the derivatives of the function f(c,t) with respect to time and enterprise value are...
) t ) t
f((g’ ) :aExp{ —a(T—t)} ...and... f(S(Z; ) =0 (38)



B. Using Equation (2) above the derivatives of the function g(¢,t) with respect to time and enterprise value are...

% = ¢>Exp{ —o(T - t)} .and... 595(,(3;” =0 (39)

C. Using Equation (1) above the derivatives of the variable d; with respect to time and enterprise value are...

% = {(a—¢— ;02>0\/1Tt - [ln (IZ) - (a—gb— ;az>(T—t)} 2\/%} = o?(T —t) ...and...
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D. Using Equations (1) and (40) above the derivatives of the variable dy with respect to time and enterprise value
are...
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E. Using Equation (1) above the derivatives of the variable d3 with respect to time and enterprise value are...
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...and... % = 0y
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F. Using Equations (1) and (42) above the derivatives of the variable d4 with respect to time and enterprise value
are...
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G. The derivative of the cumulative normal distribution function of d, with respect to d, is...

d,
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H. The derivatives of Equation (44) above respect to time and enterprise value are...

(43)
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I. The second derivative of Equation (44) above respect to d,, is...

2CND[d,] 6 /1 1, [ 1 1, SCND[d,]

J. Using Equation (46) above the second derivative of Equation (44) above with respect to enterprise value is...
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