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Module 7.1

Static Risk Measures
Centered Differencing
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Derivatives Review
nSuppose y is a functions of other variables

nTotal derivative with respect to x1

nTotal derivative of y with respect to x1. Thus, if 
any other variables, say x2, is a function of x1, 
then the total derivative must incorporate this
  embedded functionality 
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y = f x1,x2 ,…,xn( )
dy
dx1

=
df x1,x2 ,…,xn( )

dx1

2

Partial Derivatives
nPartial derivative with respect to x1

nWe assume all other embedded 
functionality is ignored. 
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∂y
∂x1

=
∂ f x1,x2 ,…,xn( )

∂x1
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Derivatives Review
nSuppose

nTotal derivative

nPartial derivative
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y = f x1,x2 x1( ),…,xn⎡⎣ ⎤⎦

dy
dx1

=
∂ f x1,x2 x1( ),…,xn⎡⎣ ⎤⎦

∂x1
+
∂ f x1,x2 x1( ),…,xn⎡⎣ ⎤⎦

∂x2

dx2
dx1

∂y
∂x1

=
∂ f x1,x2 x1( ),…,xn⎡⎣ ⎤⎦

∂x1
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Embedded Functionality
nMany finance-related functions have 
embedded functionality
nA stock price may be a function of volatility

n In many cases, if volatility rises, then a particular 
stock price will decline

n option valuation models depend on both the stock 
price as well as volatility

n Embedded functionality is often ignored
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Central Finance Concepts
nMany quant tasks involve computing 
numerical derivatives
nReview applications of numerical 
derivatives in finance
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Compound OVM Challenge
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CO S ,t,T1,T2 ,ιC ,ιU( ) = ιCιUStBt ,T2 ,δBT1,T2 ,− q̂N2 ιCιUd11,ιUd12;ιCρ( )
−ιCιU XU Bt ,T2 ,r BT1,T2 ,− q̂N2 ιCιUd21,ιUd22;ιCρ( )− ιC XCBt ,T1,r N ιCιUd21( )

N2 a,b;ρ( ) ≡
exp −

z1
2 − 2ρz1z2 + z2

2

2 1− ρ2( )
⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

2π 1− ρ2
dz1 dz2

−∞

b

∫
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∫ d21 ≡

ln
StBt ,T1,− r−δ( )
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σ t ,T1

= d21 +σ t ,T1

d22 ≡

ln
StBt ,T2 ,− r−δ( )
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2

σ t ,T2

= d22 +σ t ,T2
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Estimating Greeks
nNeed to validate candidate solution
nNeed estimates:

n Delta (dCO/dS ?)
n Gamma
n Theta
n Vega
n Rho

nAnalytic or numerical?
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Other Numerical Derivatives
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Quantitative Finance Materials
nUnivariate Taylor series
nCentered differencing (Eberly)

n Review formulas
n Applications

n Illustrated with R code
nApplication to other derivatives
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Univariate Taylor Series
nAssume f(x) is a continuous function

n  
n  
n f(x0) has derivatives of all orders

nTaylor series of f about the number x0 is

where h = x – x0, “small positive value” 
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−∞ < x < ∞
−∞ < f x( ) < ∞

f x( ) = f n x0( )
n!

hn
n=0

∞

∑ f n x0( ) ≡ d
n f x( )
dxn

x=x0

11

Centered Differencing (Eberly)
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Order 1
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Order 2
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Order 3
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Order 4
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Order 4, 8th Derivative
nJust for fun ...
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Illustration with Modified 
Duration (First Derivative, 1%)
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Illustration with Modified 
Duration (FD, 0.1%)
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Illustration with Modified 
Duration (FD, 0.01%)
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Machine error appears 
impacts order 3 and 4
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Illustration with Modified 
Duration (FD, 0.000001%)
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Machine error dominates
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Other ‘greeks’
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Summary
nNumerical derivative estimation techniques 
useful in finance
nSeveral finance applications of numerical 
derivatives
n Introduced centered differencing

n Review formulas
n Applications
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