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Aim:

Familiarize the audience with the different notions of convex order between random vari-
ables and their links with the usual risk measures in finance.

Extend these notions to a functional framework in order to apply it to Markovian or non-
Markovian stochastic processes.

Analyze the connections between convex order and propagation of convexity by a semi-
group associated with various Markov processes.

Different families of processes will be studied: ARCH processes (discrete time), Brownian
or jump diffusion processes, solutions of McKean-Vlasov equations, stochastic Volterra
processes.

Applications to the sensitivity of path-dependent options to ’functional volatility” will be
detailed.

Most of the results will be obtained by passing to the limit from the simulable numerical
approximation schemes, of the Euler scheme type, which makes it possible to define ef-
fective approximation protocols respecting convex ordering and convexity propagation for
the calculation of prices of complex optional products having a path-dependent payoff.

Course contents:

Convex ordering: definitions and first (static) examples

— Convex ordering(s) for Rd-valued random vectors
— Characterization of convex orders

— First examples: convex ordering of Gaussian vectors, European vanilla options with
convex payoff in a Black-Scholes model, Value-at-Risk and Expected shortfall.
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— Toward functional order: the case of Asian option.

Functional convex ordering(s): definition and characterization

Propagation of convexity

The case of martingale (and scaled) Brownian diffusions

Application to path-dependent European options convex payoffs in local volatility
models

Extension to jump diffusions (SDEs driven by Levy processes)

From European to American path-dependent options for Brownian and jump diffusions

* Convex ordering for McKean-Vlasov SDEs

Application to the comparison of mean-field games (optional)

* Convex ordering in a non-Markovian framework: the case of stochastic Volterra equations.

Application to variance swaps in a Quadratic rough Heston stochastic volatility model.
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