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PORTFOLIO DRAWDOWN OPTIMIZATION

- Minimize expected peak-to-
valley loss

- Minimize frequency, size and 
duration of losses

- Dynamic generalization of a 
deviation measure on the path 
space (Chekhlov et al. 2005) 
→ path dependence
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HISTORICAL SIMULATION VS GENERATIVE ML

- Fundamental question: how should 
we form expectations about the 
future while looking at the past

- Noise vs. signal

- Unobserved states

- So-called ergodicity assumption
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MARKET GENERATOR
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- Market Generator =

generative models with the specificity 
of modelling financial markets

(such as spot asset prices, option 
prices and volatilities, or order 
streams in limit order books)



“ SCENARIO-BASED SCIENCE IS MAYBE THE BEST WE CAN DO 
WHEN DEALING WITH COMPLEX SYSTEMS. ”
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DOYNE FARMER



GENERATIVE MACHINE LEARNING
̶ Approximate data-generating process using flexible (neural) mapping 𝑓!(𝑍)

̶ 𝑓! 𝑍 transports some source distribution of randomness 𝑍 (e.g. Gaussian) into data 
X’ that is statistically indistinguishable from the original sample X, according to some 
metric ℒ.

̶ E.g. in the distributional sense Ρ 𝑋 ≈ Ρ! 𝑋′ , according to some distance ℒ =

𝑠𝑢𝑝" ∈ $ ∫𝑓 𝑋 Ρ! 𝑋 𝑑 𝑋 − ∫𝑓 𝑋 Ρ 𝑋 𝑑 𝑋 , e.g. Wasserstein distance, total 
variation (Kullback-Leibler upper bound by Pinsker’s inequality), etc.

̶ Common neural architectures: GAN, VAE, RBM
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MACHINE LEARNING ON PATHS
Signature transform :
The collection of all iterated integrals of a path that serves as a graded summary of a 
path describing global and increasingly local properties.

Definition (by Lyons 2014)  : Φ% = (1, Φ&, Φ', … ,Φ%)
whereΦ(= ∭)*+!*…*+"*-

𝑑𝛾+! ⊗ …⊗ 𝑑𝛾+" ∈ (ℝ.)⊗(

Universality (by Levin and Lyons, 2013) : 𝑠𝑢𝑝0∈$ 𝑓 𝛾 − ⟨𝐿, ⟩Φ% 𝛾 < 𝜀
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SIGNATURE UNIVERSALITY AND DRAWDOWN



MACHINE LEARNING ON PATHS: A SIMPLE 
MARKET GENERATOR
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PRELIMINARY RESULTS
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Value Summary Under-water curve

̶ 30y backtest on 4 broad asset class indices: US Equity (S&P 500 index), US Bonds 
(Treasury index), Real Estate (NAREIT index), and Commodities (GSCI).

̶ Jan 1992 – Jan 2022, monthly rebalanced
̶ Benchmarks: min vol, inverse vol, equal weight
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