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@ permanent component and temporary component of
Wileiiilziton market impact

o Nash-equilibrium of the game, either predation or
providing liquidity
e only open-loop strategies are allowed for each player

@ essentially deterministic optimal control and volatility
never plays a role
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Modeling

COST = /O P(s)€(s) ds = /0 (P(s) + 9(£()))€(s) ds

where f(-) and g(-) are the so-called permanent component
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o Time-homogeneity can be obtained by rescaling real
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so-called volume time.

Subordinati

o E.g., a VWAP execution in real time is essentially a
Fime me” constant-intensity trading trajectory in volume time
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Trading o A distressed trader with maximum inventory zg,

constrained by an exogenous time horizon [0, T’]

Oxford-

SEinCstes e Objective, to generate cash as much as possible

o Only allowed to monotonely sell (liquidate), not allowed
to buy back at any moment during [0, T']

o A perfectly solvent trader, sophisticated and aggressive

TR e Able to buy or sell at any moment ~
Trading o The only constraint is to be clean-hand by T > T.

Game

e Each player looks to closed-loop optimal control
strategies, aiming to utilize the updates/feedback of
market evolution to refine her control.

e = Subgame-Perfect.
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An illiquid asset with permanent component coef +,
temporary component coef A, intra-day volatility o, in
Oxford- common knowledge to the two players

dZ(t) = (& (t) +yn(t))dt + odW (2)

CL control strategies for the two players

Liquidity

Trading gb(t,fE,y, Z) and ¢(t7$7y7z)

Game

Given the CL strategy of the opponent, each player solves
her optimal control problem

Agreeing at the Nash-equilibrium of this game, when
nobody has incentive to deviate.
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1
+(7£ + ’YI/J(taJ;a y72))UZ + QUZUZZ |§ S 0} = 0

1
-Uy = ¢(t,$,y, Z)(Uy + ’YUZ) + §U2Uzz

1
- olE ATy, 2) + Us + VU.),)?

fort € [0,T], x € [0,x0], y € R, z € Ry, and where

1
¢(t,$, Y, Z) = _ﬁ (Z + Aw(t7x7yv Z) + Uz + /}/Uz)ﬁ-
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Vi = At ey, 2) +Vy+ V)

1
+ Qb(tvx:yv Z)(Vm + ’thz) + 502‘/22 =0

for t € [0,T], x € [0,20], y € R, z € Ry, and where

Stochastic 1
genma Yt x,y,2) = X (z+Xo(t,z,y,2) + Vy + V%)
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Clean up the entanglement of ¢(---) and ¥(---), we get
1
1
= t
(3l mp.2)

— (2= Uy + 2V — YU, + 29V2)
if o(t,x,y,2) >0
—a5 (2 +Vy +9V2)
if o(t,x,y,2) <0

/ll}(t’ :L" y? Z) =

where 0(t,z,y,2) := 242U — Vy + 279U, — V..
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where 6(¢,x,y,2) > 0,

—U; = 3A5*(t z,y,2)(Uy +7U>)
( (t,z,y, 2 )) +% 2U..
—Vi= =56t 2y, 2)(Va +V )

9>\ (5*(t €, Y,z ))2 % Ve
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In order to obtain stable numerical solutions, let us induce
some viscosity condiments to the numerical scheme when
solving the PDE system.

For the higher-order partials, instead of 02U,

consider 02U, + %eaQUm + eaQUyy

and let ¢ — 0

Key verification: the numerical solution obtained is not
sensitive at all to the choice of €

Numerical
Analysis
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Figure: The numerical solution almost does not depend on the
choice of coefficient for the artificial viscosity term. Here,
e=25%10"3
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Figure: The numerical solution almost does not depend on the
choice of coefficient for the artificial viscosity term. Here,
e=10%10"1
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Figure: The numerical solution almost does not depend on the
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Analysis
Figure: The terminal value function for the predator under

different volatility levels
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Figure: The terminal value function for the predator under
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_Oxford- e Strategic interplay is an important source for Market
: Liquidity behaviors

o Adopt a reasonable market impact model, and think in
volume time

o Closed-Loop strategies guarantee subgame perfectness,
and usher volatility into the picture

o Numerical analysis of the NE of such a liquidity trading

game

Summary
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