Risk Neutral Densities



Heston (EURUSD)

Mlaturity (years)




Heston + Residuals (EURUSD)




Petrobras possible prices in 1 month

Petrobras risk neutral density
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Extrapolate by conditioning

conditional PDF




Arbitrage Portfolio

arbitrage portfolio




Interest rates evolution

for explanation. Index WIRP

Export Data . Go to FFIP Straight From The Lab - World Interest Rate Implied Probability

Implied Future Distribution
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Bruno Dupire, Bloomberg 7



Fed Funds evolution

for explanation. N189 Index FFIP

Export Data _  Go to WIRP Straight From The Lab - Federal Funds Implied Probability
Methed: © Options * Futures (Live) * Binary Ophtions

Expected Future Qutcomes and Most Likely Path(s) ™ show Peripheral Branches
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Historical Volatilities by Strike

e Usual historical volatility is a single number

 Break-Even volatility is an average of squared returns,
weighted by the Gammas, which depend on the strike




Averaging over Multiple Paths

Bruno Dupire, Bloomberg 10



Optimal Investment

Input:

* Risk neutral measure Q

* Subjective measure P (view)

e Utility function U

* |nitial budget

=> Marginal utility proportional to Radon-Nikodym density:

U (g(X;)) = /1 (X )

Output: )
* Optimal investment: g(X;) = (U)l( dP( T)j

Bruno Dupire, Bloomberg 11



Subjective Density and Optimal Payoff

Reference Asset Pricing Date [LZiEIPIGK] Investment Horizon _ Spot 1462.08 USD ALl G N M E N T
e = : T = —_— -. Bloomberg Quant Research, 2012
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Implied View

Input:

e Risk neutral measure Q
e Utility function U
 Optimal investment g

Output:
A

* Subjective measure P (view) g_g(XT):u'(g(X )



Implied View

Alternative Interpretation: complete model case

006 = F(Xe) + [ A, F (X, )i

Collection of |
conditional holdings Collection of
5 conditional drift

of the underlying

Bruno Dupire, Bloomberg 15



Vanilla Call

Yanilla Call (50=100, k=100, T = 1), Bachelier madel (ol = 20), Utility Fon: lagfw-+.001)
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Asian Call

Asian Call (30 =100, k=100, T =1}, Bachelier model ol = 207, Utility Fon: loglw-+0.001)
| |

asset value




Butterfly

Butterfly (S0 =100, K =1280,100120, T= 1), Bachelier model (%al = 20), Utility Fon: logiw+1.001)
| | | | | | |
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One Touch

Cne Touch (30 =100, k=120, T=1), Bachelier model (ol = 200, Ltility Fon: loglw-+.001)
| | | | | | |

asset value




Slalom

Slalom (Spot =100, K1 =100, T1 = 0.5, kZ =100, T2 = 1), Bachelier madel (vol = 20%), Wility Fen: logiw-+.001)
| | | | | |

asset value




