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Stochastic Linear—Quadratic Optimal Control Problems with Random Coefficients:
Closed-Loop Representation of Open—Loop Optimal Controls

FEE (RITRHEIRSS)

This talk is concerned with a stochastic linear—quadratic optimal control problem
in a finite time horizon, where the coefficients of the control system and the
weighting matrices in the cost functional are all allowed to be random and the latter
are even allowed to be indefinite

Based on a Hilbert space approach, the convexity of the cost functional is shown
to be necessary for the existence of an open—loop optimal control, and the uniform
convexity, which is slightly stronger than the convexity, is shown to be sufficient.
The unique solvability of the associated stochastic Riccati equation is established
under the uniform convexity condition, which contains the classical assumption that
the weighting matrices in the cost functional are positive definite as a special
case. Further, it is shown that the open—loop optimal control admits a closed—loop
representation. The paper therefore solves Bismut and Peng’ s open problem in a

general framework. This talk is based on a joint paper with Sun and Yong.

Risk Sensitive Portfolio Optimization with Default Contagion and Regime—Switching

T ChERHE )

We study an open problem of risk-sensitive portfolio allocation in a
regime-switching credit market with default contagion. The state space of the
Markovian regime—switching process is assumed to be a countably infinite set. To
characterize the value function of the risk sensitive stochastic control problem,
we 1investigate the corresponding recursive infinite-dimensional nonlinear
dynamical programming equations (DPEs) based on default states. We propose to work
in the following procedure: Applying the theory of the monotone dynamical system,
we first establish the existence and uniqueness of classical solutions to the
recursive DPEs by a truncation argument in the finite state space. Moreover, the
associated optimal feedback strategy is characterized by developing a rigorous
verification theorem. Building upon results in the first stage, we construct a
sequence of approximating risk sensitive control problems with finite state space
and prove that the resulting smooth value functions will converge to the classical
solution of the original system of DPEs. The construction and approximation of the

optimal feedback strategy for the original problem are thoroughly discussed
Optimal gradient estimates of heat kernels of stable-like operators
FRIE (2 H K

In this talk we show the optimal gradient estimate for heat kernels of stable—like
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operators by providing a counterexample. This talk is based on a joint work with

Xicheng Zhang.

On a free boundary problem for an optimal investment problem with different interest
rates

e NEIVESTD

This paper discusses an investment problem for a single agent with higher borrowing
interest rate than lending in the market. The objective is to maximize the expected
discounted utility of terminal wealth by choosing portfolio of one risk asset and
the bank account. The objective function is the solution of a free boundary problem
with two nonlinear equations and one linear equation. The main contribution is that
the existence of free boundary lines is proved in all situations and the design

methods can be generally applied to other similar problem.

Optimal investment problem for n interacting agents

MRAE QUL LR R

We investigate the optimal investment problem for n interacting agents in a

continuous time framework. Agents can invest their wealth in a simplified financial
market consisting of a bank account and n correlated risky stocks. While we allow
all agents to invest freely in the bank account, only one of the n risky stocks is
available to each agent. Agents are heterogeneous, so there are two utility functions
which depend on n agents’ wealth processes. Every agent chooses a dynamic portfolio
strategy in order to maximize his expected terminal wealth utility, while the other
agents acts simultaneously by choosing a dynamic portfolio strategy so as to maximize
his expected terminal wealth utility. By invoking the use of the dynamic programming
principle, we obtain closed—form expressions of the Nash equilibrium investment
strategy and the value function for each agent under the case of each agent with
an exponential utility function. We give the condition under which diversification
can improve agent’ s expected terminal wealth utility. Numerical examples are also
provided to illustrate how the Nash equilibrium investment strategy and the utility

profit change when some model parameters vary.

Stock Market Spoofing
ke BRI FER 2B

We use a unique trading data set of one week from a stock exchange to analyze the
prevalence and profitability of spoofing. About 16% of institutional traders use
a spoofing type trading strategy. The p-value for testing if all this behavior is
a random event and, thus, unintentional is extremely small, equal to the probability
of observing a 65—standard deviation event. We also test if the occurrence of this

behavior is more often than that of the matched spoofing behavior, which is a proxy
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of the frequency of market making. The p—value of the test is also small, equal to
the probability of a 13—-standard deviation event. On average, spoofing raises the
return of a one—hour trade by 4. 9 basis points and decreases the return of a 2. 7-hour

trade against spoofers by 6.4 basis points.

CDS Pricing in a Markov chain Interacting Intensities model with Contagion
BRIERA CIRMIRE)

We analyze kth—to—default credit default swaps (CDS) with counterparty risk
using a markov chain interacting intensities with contagion model. We assume the
default intensities of the protection seller and the references are affected by an
external shock event and the default intensity of reference entities jump upward
when other reference default, The arrival of the shock event is a Cox process whose
stochastic intensity is an affine diffusion process with jumps. We examine how the
correlated default risks between the protection seller and the underlying entity

may affect the credit default premium in a kth—to—default CDS.

On Balanced Growth Path Solutions of a Knowledge Diffusion and Growth Model
ZElE CIRINR )

In this talk, we study a Boltzmann—type Mean Field Game model proposed in Achdou
et al. (2014) for knowledge diffusion and economic growth, where knowledge diffusion
results from imitation by searching and learning and from innovation subject to
Brownian noises. Largely inspired by Dai et al. (2009), where the marginal value
function has been used directly to study portfolio selection with transaction costs,
we transform the original partial integro—differential equation system into an
equivalent one by also studying a representative agent’ s marginal value function.
We show a necessary condition to generate a sustained growth is that innovation
cannot dominate imitation. In particular, when learning technology is sufficiently
inefficient or discount rate is sufficiently low, either of which leads individuals
to put no effort in imitation, sustained economic growth then disappears. Further,
if there exists a balanced growth path solution, a continuum of such solutions indeed
exist and there is a special one with the form conjectured in Achdou et al. (2014).
Finally, we propose a new method to conduct an extensive numerical analysis

ZEUE S HAT A IR MR Rl TR O bl RIS EEIH D o JR MR S L
KPR R R 1, 2015451 H 2201842 H AE TNk [l 37 K2 G JFiEFT TAE . 9F
FETT ) A LG S R B N T, 2 A RATLA2 RIS T R sk 7 7 R VR AR Y 1
LTSl e o F I 1) RIS UR R AN AT AR BRI UL TR e AT AR AR A T PR
H R I DA < BB G I X R B AR S AR W T
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Maximum Principle for Risk-Sensitive Stochastic Optimal Control Problem and
Applications to Finance

LA QLR

This talk is concerned with a risk—sensitive stochastic optimal control problem,
motivated by a kind of optimal portfolio choice problem in the financial market.
The maximum principle for this kind of problem is obtained, which is similar in form
to its risk—neutral counterpart. But the adjoint equations and maximum condition
heavily depend on the risk—sensitive parameter. This result is used to solve a kind
of optimal portfolio choice problem and the optimal portfolio choice strategy is
obtained. Computational results and figures explicitly illustrate the optimal
solution and the sensitivity to the volatility rate parameter. (Joint work with

Professor Zhen Wu.)

An optimal control problem of FBSDE with noisy observation

FOeRE (AR

In this talk, we consider an optimal control problem driven by FBSDE, in which the
system noise is correlated to the observation noise, and the coefficient of
observation equation is unnecessarily bounded with respect to the state variable
This results in state equation and adjoint equation with unbounded stochastic
coefficient, whose well-posedness and high—order moment estimates are obtained. By
virtue of these estimates, a maximum principle for optimal control is established.
This result improves that of Wang, Wu and Xiong [SIAM J. Control Optim., 51 (2013),
pp. 491-524].

Linear Quadratic Stochastic Optimal Control Problems with Operator Coefficients:

Open—-Loop Solutions

BORHT CRABITVE RS

An optimal control problem is considered for linear stochastic differential
equations with quadratic cost functional. The coefficients of the state equation
and the weights in the cost functional are bounded operators on the spaces of square
integrable random variables. The main motivation of our study is linear quadratic
(LQ, for short) optimal control problems for mean—field stochastic differential
equations. Open—loop solvability of the problem is characterized as the solvability
of a system of linear coupled forward-backward stochastic differential equations
(FBSDE, for short) with operator coefficients, together with a convexity condition
for the cost functional. Under proper conditions, the well-posedness of such an FBSDE,
which leads to the existence of an open—loop optimal control, is established. Finally,
as applications of our main results, a general mean—-field LQ control problem and
a concrete mean—variance portfolio selection problem in the open—loop case are

solved.
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A kind of LQ non—zero sum differential game of backward stochastic differential

equation with asymmetric information

HAE QLA E IR

This talk focuses on a kind of LQ non—zero sum differential game driven by backward
stochastic differential equation with asymmetric information, which is a natural
continuation of Wand and Yu [IEEE TAC, 2010; Automatica 2012]. Different from Wand
and Yu [IEEE TAC, 2010; Automatica 2012], a realistic motivation for studying this
kind of game is provided, and some feedback Nash equilibrium points are uniquely
obtained by forward-backward stochastic differential equations, their filters and

the corresponding Riccati equations with Markovian setting.

Implied Volatility Surface Construction for Commodity Futures Options in China

VR (FBERSE)

An option has become a popular derivative instrument to hedge price risk on
commodities in China. However, the implied volatility, as an important factor for
market expectation of futures price, is not available because of the American style
in the option and mean reverting property in the spot prices. We propose an efficient
willow tree method to resolve a problem of calibrating implied volatility. The
proposed tree structure can handle the American style option easily and efficiently.
The proposed willow tree construction is independent of the volatility itself so
that the tree reconstruction is minor during the calibration. We apply the proposed
method on calibrating the implied volatilities of sugar and soybean meal options.
We use the daily closing prices to construct an implied volatility surface. Both
seasonality and Samuelson effect can be observed. Moreover, based on the implied
volatility distortion close to the option maturity observed in our empirical results,
we suggest a detailed minimum tick price scheme to avoid a distortion and decrease

of hedging costs for practitioners.

Recent development of Markowitz' s theory

PFAERL CRUEBE TR

In this talk, I will introduce two continuous—time mean—variance models. The first
one studies constraints on the wealth process and trading strategies simultaneously,
which is solved by stochastic control theory as well as matrix optimization
techniques; while the other one takes background risk into consideration
(formulating a robust model) and then is tackled by quantile optimization

techniques.
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Dynamic discrete—time portfolio selection for defined contribution pension funds
with inflation risk

PERE () ARSMESNR)

This paper investigates a multi—period asset allocation problem for a defined
contribution (DC) pension fund facing stochastic inflation under the Markowitz
mean—-variance criterion. The stochastic inflation rate is described by a
discrete—time version of the Ornstein—-Uhlenbeck process. To the best of our
knowledge, the literature along the line of dynamic portfolio selection under
inflation is dominated by continuous—time models, we are the first to investigate
the problem in a discrete time setting. Using the techniques of state variable
transformation, matrix theory and dynamic programming, we derive the analytical
expressions for the efficient investment strategy and efficient frontier. Moreover,
several special cases of our model are discussed indicating that our results are
consistent with the existing literature. Then our results are examined through
empirical studies based on the data from Australia, which has a typical DC pension
system. The impacts of inflation, investment horizon, estimation error and
superannuation guarantee rate on the efficient frontier are illustrated. Finally,
out—of—sample analyses depict the dynamic processes of the optimal investment
strategy and the fund wealth. A pension fund investor using our model can achieve
his or her objective in advance and even obtain a higher terminal wealth than

expected.

Forward—-Backward Stochastic Differential Equations and Linear—Quadratic
Generalized Stackelberg Games

TR QUKD

A multi-level self-similar domination—monotonicity structure is proposed, and a
kind of coupled forward-backward stochastic differential equations (FBSDEs) with
such structure is proved to be uniquely solvable. Then, this kind of FBSDEs is used
to characterize the unique equilibrium of a linear—quadratic generalized

Stackelberg game with multi-level hierarchy in a closed form. This talk is based

on a joint work with Dr. Na Li.

NA

P ARE = R S AT A R LB & b
Eae (Pl

ASCIE BB A T IS A Hh Bl 25 0 R AT D S LT HE . G,
s T P A AR B B R B B BB PSR LR, SRS ) T Gk 1 8
AR A K I BB B R B T, 0 A 1L 5 K SO sl FHK, fEE
Fehit Bt T ORIE S S A AR TR 1, oA 1 T S @b S O
AT A RITBIECR. WHARRY] . AT SR 1, Qb & 3805 475 K™ dh i
B DORAF AR O B SR et i KA s AR 5 S PR AIE <8 B BEORT BN 25 K7 i i AT

20



R BITRBAE L, AHTBORATBR B P AR BETRAMRAE S M sk nd, 3R Ty
TGRS BCR. fehn, A SCEBUE A BIEE— Dk T BB PG 2 AT G 45 18,

Well-posedness of high dimensional CIR SDEs
gRAR CRIE TR

We consider the diffusion process described by CIR(Cox - Ingersoll - Ross) SDE. We
prove uniqueness and existence of the martingale problem related to this degenerate
SDEs under suitable nonnegativity and regularity conditions on the coefficients

Applying martingale problem theory of Stroock and Varadhan, we turn the uniqueness
problem of the SDE to the well-posedness of a kind of degenerate PDE with Neumann
boundary condition defined on first quadrant. The difficulties for solvability of
the problem mainly come from the degeneration of the operator, domain with corner,
and corelation of different components of the SDE. The Schauder estimate for the
degenerate PDE is given. We first estimate the mixed second order derivatives, and
then utilize the perturbation method and the Schauder estimation for diagonal form
to deal with the second order derivatives of normal direction on the corner boundary.

This is a joint work with Kai Du.

Quasilinear Stochastic PDEs with two obstacles: Probabilistic approach

ki (R H K5

We prove an existence and uniqueness result for quasilinear Stochastic
PDEs with two obstacles (DOSPDEs for short). The method is based on the probabilistic
interpretation of the solution by using the backward doubly stochastic differential

equations (BDSDEs for short). Joint work with Laurent Denis and Anis Matoussi.

Robust Consumption Portfolio Optimization with Stochastic Differential Utility
gkAT (R E R

We study a continuous time intertemporal consumption and portfolio choice problem
with a stochastic differential utility preference of Epstein-Zin type for a robust
investor, who worries about model misspecification and seeks robust decision rules.
The verification theorem which formulates the Hamilton—Jacobi—Bellman—Isaacs
equation under a non—Lipschitz condition is provided. Then with the verification
theorem, the explicit closed—form optimal robust consumption and portfolio

solutions to an Heston model are given. This is a jonit work with Jiangyan Pu.

Nonzero Sum Differential Game of Backward Doubly Stochastic Systems with Delay

PRI CLLZR M 28 K57

This paper is concerned with a kind of nonzero sum differential game of backward
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doubly stochastic system with delay, in which the state dynamics follows a backward
doubly stochastic differential equation with delay. We establish a necessary

condition in the form of maximum principle with Pontryagin’ s type for open—loop
Nash equilibrium point of this type of game, and then give a verification theorem
which is a sufficient condition for Nash equilibrium point. The theoretical results
are applied to study a nonzero sum differential game of linear—quadratic backward

doubly stochastic system with delay
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