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Reinforcement Learning Intro

Risk aversion in RL literature

A new risk measure: reward volatility
Policy Gradient Theorem for Volatility
Safe guarantees and TRVO

Experimental results
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Reinforcement Learning intro

AGENT ENVIRONMENT
-State s €S

- Take action a € A

-Getreward 7 {/
-Newstate s’ € S
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I Reinforcement Learning intro 3

Returns
o0
G = Z Vth
t=0
Action-Value function
Qx(s,a) = Ex[G|so = s,a0 = a (1)
= Ex[rip1 + vV (Sis1)|se = s,a¢ = af (2)
Value function
Vz(s) = Ex[G|so = s] (3)
= Ex[ris1 + vV (Si41)|s: = s] (4)
Objective
J = maxEg,[Vr(s)] (5)
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I State of the art: Risk Averse RL - inherent risk

Vittori

Utility based

(Moldovan and Abbeel, 2012)
(Shen et al., 2014)

Coherent Risk Measures

(Morimura et al., 2010)
(Tamar et al., 2017)
(Chow et al., 2017)

Variance of the returns
(Sobel, 1982)
(Di Castro et al., 2012)
(Tamar and Mannor, 2013)
(Prashanth and Ghavamzadeh, 2014)
(Tamar et al., 2016)

Risk averse RL in trading
(Moody and Saffell, 2001)
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Reward Volatility (Bisi et al., 2020) °

Reward Volatility
2 _ _ 2
Ve =(1-7) Eu [2’7 (st at) — Jr) ]

S0~
as~m(-[3t) t=0
st+1~P(:[st,at)

Return variance

) J 2
02 = S(Eu <Z V'R (st,at) — 1 _7r,y>
ai~7(+|st) t=0
st+1~P(:|st,at)
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Variance/Volatility relation o

p&1

High
reward
volatility

Low reward
volatility

m=== TRVQ ==== Optimizing Return Variance

o2 V72r
T (T—)?
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Mean-volatility objective

Task defined through a risk-aversion coefficient A:

max )y ‘=Jp — )\1/72r
™

=(1-7) B [;7t§R<8t»at>—A<R(St’“t)‘J”)2>]

s
ai~7(|st -~
st+1~P(|st,at) R (s¢,at)

_
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Bellman Equation

Vittori

Action-volatility function and State-volatility function

Styat Jw)2|57a

s

w

&

Il
—

MS

St+1~P( |s¢,at) =0
app1~7(-se41)

We(s)== E [Xq(s,a)]

a~m(:]s)
Linear Bellman Equation

Xr(s,a) = (R(s,a) — J7r)2 + 7s’~PHE:!|s v [X=(s',a)].
o ~(-]s)
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I Policy Gradient ’

Framework: parametric policies g

Reward Volatility Policy Gradient Theorem

Vev2= E [V logﬂg(a|s)Xﬂ(s,a)].

S~Au,m
a~mg(-|s)

This enables the risk averse version of the classical REINFORCE algorithm.

0 — 0+ Vemr (6)

Vittori Risk-Averse Trust Region Optimization for Reward-Volatility Reduction



I State of the art: Safety - model risk

10
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Seminal paper
(Kakade and Langford, 2002)

Stationary and stochastic policies

(Pirotta et al., 2013b)
(Garcia and Fernandez, 2015)

Practical algorithms

(Schulman et al., 2015)
(Schulman et al., 2017)

Gaussian, Lipschitz and Smoothing
Policies

(Pirotta et al., 2013a)
(Papini et al., 2017)
(Pirotta et al., 2015)
(Papini et al., 2019)
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Algorithm 1 Trust Region Volatility Optimization (TRVO)

Input: Initial parameters 6y, batch size N, number of iterations K.
for k=0,..., K —1do
Collect N trajectories with @y to obtain dataset Dy
Compute estimates J
Estimate advantage values Aé\k(s, a)
Solve the constrained optimization problem
Biir = argmax [L2(6) — L DR§* (g, mo)]
0cO -7
where € = max max |A§k(s, a)|
Lﬁ(@) = ne, + 3‘3 Aé‘k(s,a)

S~y my,
a~mg(:|s)

end for
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I Experiments: S&P 500
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Reward Volatility
(a)
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I Experiments:

FX EURUSD & USPJPY

Train
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I Option Hedging: Experimental Results

Hedge P&L distribution
- N
° delta hedge S 7| N delta hedge
S 7 model B model
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I Conclusions 1

risk averseness in reinforcement learning
reward volatilty: a novel risk measure
TRVO, a risk averse TRPO

great experimental performance on trading and option hedging environments
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Performance Difference A

Performance Difference Lemma (Kakade and Langford, 2002)

Jz —Jr = f dﬂ,;r(s)f 7(a|s)Ax(s,a)dads
S A

Performance difference in mean-volatility optimization

= = j dux(s) [ %(als)A2(s, a)dads
S A

+ A1 =) (Jx = Ja)*.

% 1S unknown.

Surrogate function: consider d,,  instead.

While looking for the best 7 given 7, d
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I Mean-volatility Advantage

Expected Return: Volatility:

Jr = (1=7) {5 1(s)Vx(s)ds vz =(1=7){su(s)Wr(s)ds
Advantage: Vola-Advantage:

Ax(s,a) = Qr(s,a) — Vi (s) Br(s,a) = X (s,a) — Wr(s)

Mean-volatility objective
Ny = Jx — A2
AN(s,a) == Ar(s,a) — ABy(s,a) = (Qr(s,a) = AXx(s,a)) — (Va(s) — AWx(s))
Qx(s.a) V2(s)
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Safe Improvement Bound

23

Adopting a surrogate function: L)(%) = nr + {5 dy (s ) S A7 ( (s,a)dads,

Let a« = DRF(m,7) = msaxDKL(Tr(-]s),%('|s))

€\ = mgx E [AX(s,a)][, €= max aI~E?r [Ax(s, a)]‘
Then:
> L) - 22+ A1 =72 M,
where

2ey

M = max {O,Ai — a, —Ai — Fyoszax} )
11—~ 1—x

AF L d(s) L %(als) Ax (s, a)dads.
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I Connections with Reward-Volatility

24
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Reward transformation in financial setting (Kolm and Ritter, 2019)
Downside Risk Constraints (Spooner and Savani, 2020)
MVPI: Fenchel duality and Block Coordinate Ascent (Zhang et al., 2020):

ROSA (under review): MDP transformation framework
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I Option Hedging: Experimental Results »
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