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Reinforcement Learning for optimal dividend problem under diffusion m
odel

FASLAE FEIT R

In this paper, we study the optimal dividend problem under the continuous time diffusion
model with the dividend rate being restricted in a given interval [0, a]. Unlike the standard
literature, we shall particularly be interested in the case when the parameters (e.g. drift and
diffusion coefficients) of the model are not specified so that the optimal control cannot be
explicitly determined. We therefore follow the recently developed method via the
Reinforcement Learning (RL) to find the optimal strategy. Specifically, we shall design a
corresponding RL-type entropy-regularized exploratory control problem, which randomize
the control actions, and balance the exploitation and exploration. We shall first carry out a
theoretical analysis of the new relaxed control problem and prove that the value function is
the unique bounded classical solution to the corresponding HIB equation. We will then use
a policy improvement argument, along with policy evaluation devices (e.g., Temporal
Difference (TD)-based algorithm and Martingale Loss (ML)-algorithms) to construct
approximating sequences of the optimal strategy. We present some numerical results using
different parametrization families for the cost functional to illustrate the effectiveness of the
approximation schemes.

Optimal risk management with reinsurance and its counterparty risk
hedging

WCF R K

In this talk, we revisit the study of an optimal risk management strategy for an insurer who
wants to maximize the expected utility by purchasing reinsurance and managing
reinsurance counterparty risk with a default-free hedging instrument, where the reinsurance
premium is calculated by the expected value principle and the price of the hedging
instrument equals the expected payoff plus a proportional loading. Different to previous
studies, we exclude ex post moral hazard by imposing the no-sabotage condition on
reinsurance contracts and derive the optimal strategy analytically. We find that the stop-loss
reinsurance is always optimal, but the form of the optimal hedging payoft depends on the
cost difference between reinsurance and hedging instrument. We further show that full risk
transfer is optimal if and only if both reinsurance pricing and the hedging price are fair.
Finally, numerical analyses are conducted to illustrate the effects of some interesting factors
on the optimal risk management strategy.

Fitting additive models to incomplete data via the EB algorithm



Eotie FEARKE

In actuarial science, models for incomplete data are of interest such as Tweedie’s compound
Poisson models for total claim amount, finite mixture of regression models for claim size.
The EM algorithm is a standard model-fitting method for incomplete data. However, the
EM algorithm is problematic to fit additive models. We propose the Expectation-Boosting
(EB) algorithm to fit the additive models to incomplete data. The EB algorithm trains only
one weak learner at each iteration in a stagewise fashion. Theory shows the monotone
behavior of the likelihood in the EB algorithm. A simulated data example and two real data
examples are studied.

TBA
U IR

To be added.

Risk measurement of joint risk of portfolios: a liquidity shortfall aspect
WHIRE BDUR A

In this talk, I will present a novel axiomatic framework of measuring the joint risk of a
portfolio consisting of several financial positions. Precisely, from the liquidity shortfall
aspect, we first construct a distortion-type risk measure to measure the joint risk of
portfolios, which we refer to as multivariate distortion joint risk measure, representing the
liquidity shortfall caused by the joint risk of portfolios. After its fundamental properties
have been studied, then we axiomatically characterize it by proposing a novel set of axioms.
Furthermore, we also propose a new class of vector-valued multivariate distortion joint risk
measures, as well as with sensible financial interpretation. It turns out that this new class is
rich enough, as it can not only induce new vector-valued multivariate risk measures, but
also recover some popular vector-valued multivariate risk measures known in the literature
with alternative financial interpretation. This talk mainly gives some theoretical results,
helping one to have an insight look at the measurement of joint risk of portfolios. (This talk
is based on a joint work with Shuo Gong and Linxiao Wei.)

Asymptotic results on tail moment for light-tailed risks

T MR

In this talk, we focus on the asymptotic behavior of a recently popular risk measure called
the tail moment (TM), which has been extensively applied in the field of risk theory. We
conduct the study under the framework in which the individual risks of a financial or
insurance system follow convolution equivalent or Gamma-like distributions. Precise
asymptotic results are obtained for the TM when the individual risks are mutually
independent or have a dependence structure of the Farlie-Gumbel-Morgenstern type.
Moreover, based on some specific scenarios, we give an asymptotic analysis on the relative
errors between our asymptotic results and the corresponding exact values. Since the model
settings in this paper are not covered by traditional ones, our work fills in some gaps of the
asymptotic study on the TM for light-tailed risks.



Two-sided optimal stopping problems for diffusion process and
application to insurance contract

ZEW AL

In this paper, we discuss a two-sided optimal stopping problem with two different terminal
conditions in an infinite time horizon. The corresponding dynamic programming principle
and the variational inequality are given, and we also prove that the value function of this
optimal problem is the unique viscosity solution of the variational inequality. Moreover, we
present two examples which investigate the application of this two-sided optimal stopping
problem to an insurance contract with cancellation feature. In the first example, we assume
that the insured is the decision-maker for both sides of the stopping times; and the second
one studies the optimal problem in a Dynkin game framework where the insured and the
insurer are the decision-makers to choose the different optimal stopping time, respectively.
Some interesting results are obtained, and two numerical examples are also provided to
show the impact of some important parameters on the optimal results.

TBA
PUIES QR TIE N N

To be added.

Optimal reinsurance strategy with heterogeneous beliefs: a geometric
approach

FHE I K

In this paper, we investigate the optimal reinsurance problem for an insurer who has
different belief about claims with the reinsurer basing on the perspective of risk control.
Inspired by the exponential upper bound of ruin probability in Cramer-Lundberg model, we
take Lundberg exponent maximization as the value function. Within the setting of general
belief heterogeneity, we firstly show that a specific form of reinsurance with finite
parameters is the optimal strategy satisfying incentive compatibility condition and principle
of indemnity as well, in terms of a so-called relaxation and modification approach. It is
worth to mention that the approach used here has good applicability for modifying
reinsurance candidate to satisfy the incentive compatibility condition. As examples, we
lastly present explicit reinsurance structures under a few important belief heterogeneity
environments. (This a joint work with Yeshunying Wang, Ming Zhou.)

Time-consistent reinsurance strategy with self-protection under the mean
standard deviation premium principle

ERT RERSE



In this paper, we propose and solve an optimal self-insurance and self-protection problem
under the mean-variance criterion. Suppose that the insurer can purchase per-loss
reinsurance to reduce the claim risk. In addition to the self-insurance protection, the
insurance company can also reduce the intensity of the claims by self-protection. Under the
time-consistent meanvariance criterion, the optimal self-insurance and self-protection
strategies as well as the value function are derived explicitly by solving the extended
Hamilton-Jacobi-Bellman system in a game framework. Considering the difficulty of
estimating the intensity function for insurer, we construct the martingale loss function and
apply stochastic gradient decent to estimate the parameters in intensity function. Finally, we
illustrate the influence of model parameters on the optimal results for both the light-tailed
and heavy-tailed risk, and reveal the importance of the self-insurance/self-protection.

CDS index tranches pricing under thinning dependence structure with
regime switching

/IJ_{ ’ }Hj(%

In this paper, we present the copulas for the default time based on a reduced form credit risk
model with thinning-dependence structure with regime switching. We present some closed-
form expressions for CDS index tranche pricing formula under the proposed copulas and
marginal distribution functions of the default times. As an empirical example, we consider
the pricing of the CDX NA IG series 25. We demonstrate how the model parameter can be
calibrated based on market data and how the numerical results can be calculated via the
proposed pricing formulas. In terms of the aggregate loss to be protected, we conclude that
the proposed pricing model with regime switching might nicely predict the market quotes
for the CDX NA IG series 25.

TBA
TSR] B A4 SR

To be added.

Variance minimizing portfolio selection under increasing convex and
concave orders constraints

JEHEER AR R

In this talk I shall present some results on the variance minimizing portfolio selection
problem with increasing convex and concave orders constraints. The increasing convex
order is an extension of the expectation, so that the variance minimization with increasing
convex order constraint is a generalization of the classical mean-variance problem. To
control the left tail risk, we also consider the increasing concave order (or second order
stochastic dominance) constraint. The optimal solution is characterized by using convex
optimization method.

Continuous Time q Learning for McKean-Vlasov Control Problems

BRI A /RYE Tk K2



This paper studies the g-learning, recently coined as the continuous time counterpart of Q-
learning by Jia and Zhou (2023), for continuous time Mckean-Vlasov control problems in
the setting of entropy-regularized reinforcement learning. In contrast to the single agent's
control problem in Jia and Zhou (2023), the mean-field interaction of agents renders the
definition of the g-function more subtle, for which we reveal that two distinct g-functions
naturally arise: (i) the integrated g-function (denoted by q) as the first-order approximation
of the integrated Q-function introduced in Gu, Guo, Wei and Xu (2023), which can be
learnt by a weak martingale condition involving test policies; and (ii) the essential -
function (denoted by ge) that is employed in the policy improvement iterations. We show
that two g-functions are related via an integral representation under all test policies. Based
on the weak martingale condition and our proposed searching method of test policies, some
model-free learning algorithms are devised. In two examples, one in LQ control framework
and one beyond LQ control framework, we can obtain the exact parameterization of the
optimal value function and g-functions and illustrate our algorithms with simulation
experiments. (This is based on a joint work with Xiang Yu.)

LSTM-based coherent mortality forecasting for less developed countries
(ER =R I B/ DN

In this paper, a Long short-term memory (LSTM) based coherent mortality forecasting
method is proposed for less developed countries. Most of such countries have experienced
rapid declines in mortality over the past few decades. However, their recent trend in
morality development is only a short-term behavior, which will tend to converge to that of
developed countries in the long-run. Hence, we propose a neural network model (i.e. LSTM)
that controls the trend of mortality convergence in target countries by predicting difference
of life expectancy/lifespan disparity with benchmark countries, and embed such mortality
convergence into a time-varying Lee-Carter mortality forecasting method. We apply this
method to six less developed countries or regions, where the empirical results show a
significant improvement in forecasting accuracy and robustness for long-term projections of
mortality for less developed countries/regions.

Two optimal dividend payout problems under path-dependent constraints
VAR TR

We study two long-standing dividend payout open problems in risk theory. In the first
problem, the strategy is subject to the so-called ratcheting constraint, that is, the dividend
payout rate shall be non-decreasing over time; whereas in the second one, the payout cannot
be lower than a proportion of the historical maximum payout. To overcome the difficulty,
we first introduce regime-switching problems --- a sequence of single-obstacle problems in
ODE --- to approximate the original two-dimensional HIB equations and then take limit.
We express the optimal strategies in terms of one or two free boundaries whose properties
are well established.

Asymptotic subadditivity/superadditivity of Value-at-Risk under tail
dependence

T bR



We consider the asymptotic subadditivity and superadditivity properties of Value-at-Risk
for multiple risks whose copula admits a stable tail dependence function (STDF). For the
purpose, a marginal region is defined by the marginal distributions of the multiple risks, and
a stochastic order named tail concave order is presented for comparing individual tail risks.
We prove that asymptotic subadditivity of VaR holds when individual risks are smaller than
regularly varying random variables with index -1 under the tail concave order. We also
provide sufficient conditions for VaR being asymptotically superadditive. For two multiple
risks sharing the same copula function and satisfying the tail concave order, a comparison
result on the asymptotic subadditivity/superadditivity of VaR is given. Asymptotic
diversification ratios for regularly varying and log regularly varying margins with specific
copula structures are obtained. Empirical analysis on financial data is provided for
highlighting our results. (It is a joint work with Wenhao Zhu, Lujun Li, Jiehua Xie and
Liulei Sun.)

Portfolio default losses driven by idiosyncratic risk
Wi R TR

We consider a general portfolio of assets with low individual default risk and study the
probability of the portfolio default loss exceeding an arbitrary threshold. The latent
variables driving defaults are modeled by a mixture structure, which combines
common shock, systematic risk, and idiosyncratic risk factors. While common shocks and
systematic risk have been found by many studies to contribute significantly to portfolio
losses, the role of idiosyncratic risk is often neglected, despite its high relevance for
unbalanced or under-diversified portfolios. This study focuses on heavy-tailed idiosyncratic
risk factors and explores two distinct scenarios among them: an independence scenario and
an asymptotic dependence scenario. The former is standard in the literature, while the latter
is motivated by some recent studies that have found the inadequacy of relying solely on
common factors to capture default clustering or sovereign default spreads. This
consideration also reflects the possibility that idiosyncratic reasons can trigger contagion
among firms with liabilities in each other. Our main results establish asymptotic
equivalences for the exceedance probability of the portfolio loss as the representative
default probability approaches zero. These results highlight the significance of dominant
idiosyncratic risk factors and their dependence in portfolio losses.

A generalized tail mean-variance model for optimal capital allocation
wh TR R

Capital allocation is a core task in financial and actuarial risk management. Some well-
known capital allocation principles, such as the “Euler principle” and the “haircut principle”,
have been widely used in the banking and insurance industry. The partitions of allocated
capital not only serve as the buffer against the potential loss but also provide certain risk
pricing and performance measurement to the underlying risks. Dhaene et al. (2012)
proposed a unified capital allocation framework, which can be understood as a distance-
minimizing allocation principle. Their objective function in the optimization only considers
the magnitude of the loss function but not the variability. In this paper, we use the tail
mean-variance model, which takes both the magnitude and the variability into account, to
derive the optimal capital allocation for risks following the multivariate generalized
hyperbolic distribution and the multivariate log-generalized hyperbolic distribution. We
propose a general tail mean-variance model and derive explicit solutions for multivariate
generalized hyperbolic distributed risks, which covers many existing results as special cases.
For multivariate log-generalized hyperbolic distributed risks, we wuse the convex



approximation method to solve the explicit solutions. We present two numerical examples
showing the good performance of our optimal capital allocation rules. The first one
analyzes the market risk of S&P 500 industry sector indices. We show that our optimal
capital allocation framework is applicable for various scenario analyses and provides a
performance measure for the indices and financial market. The other example is based on
insurance claims from an Australian insurance company, showing our approximate
formulas are both robust and accurate.
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Optimal reinsurance design under distortion risk measures and
reinsurer's default risk with partial recovery

SR P T RHOR

It is not uncommon that reinsurers are exposed to default risk when they have to pay large
claims to insurers who are unable to fulfill their obligations due to various reasons such as
catastrophic events, underwriting losses, inadequate capitalization, or financial
mismanagement. This paper studies the problem of optimal reinsurance design from a dual
perspective of both parties and explores it through distortion risk measures when the insurer
faces the potential default risk originating from the reinsurer. Firstly, if the insurer
minimizes some convex distortion risk measure of his retained loss, we prove the optimality
of a stop-loss treaty when the promised ceded loss function is charged by the expected-
value premium principle and the reinsurer offers partial recovery in the event of default. For
any fixed premium loading set by the reinsurer, we derive the explicit expressions of
optimal deductible levels for three special distortion functions, including the TVaR, Gini,
and proportional hazard distortion functions. Secondly, under the above three explicit
distortion risk measures adopted by the insurer, we seek the optimal safety loading for the
reinsurer by maximizing the net profit where the reserve capital is determined by the TVaR
measure and the cost is governed by the proportional expectation of the compensation. This
procedure ultimately leads to the Bowley solution under distortion risk measures between
the insurer and the reinsurer in the presence of default risk. We provide abundant numerical
examples to implement sensitivity analyses on demonstrating how different settings of
default probability, recovery rate, and safety loading affect the optimal deductibles as well
as the Bowley optima.

A consensus-based parallel ADMM algorithm for high-dimensional
regression with application in stock market predictive modeling

KER HRKE



The complexity and high-frequency nature of financial market data pose new challenges for
statistical methods and computational algorithms. Combined (composite) regularization
models such as elastic net, sparse group lasso, and sparse fused lasso can effectively handle
complex variable relationships in datasets due to their use of multiple regularization terms.
Therefore, this paper proposes the use of composite regularization models to track stock
market indices. However, due to the high-frequency nature of stock market data with
updates occurring every minute, traditional algorithms face challenges in handling massive
amounts of data. To overcome this challenge, this paper proposes the use of a parallel
ADMM algorithm to solve these combined regularized regression models. The proposed
parallel ADMM algorithm offers high computational efficiency as each iteration has a
closed-form solution. Furthermore, we prove that the proposed algorithm not only has
global convergence but also exhibits linear convergence rate. Data experiments demonstrate
the reliability, stability, and scalability of our algorithm. The R package for implementing
the proposed algorithms can be obtained at https://github.com/xfwul016/CPADMM.

Time-consistent investment and contribution adjustment strategies for
collective DC pension plans

R KRR

We study the optimal investment and benefit adjustment problem for collective DC (CDC)
pension plans with parameter uncertainty and longevity trend, respectively. First, a smooth
ambiguity framework is proposed to model the pension trustee's preferences towards risk
and ambiguity. Since the pension trustee is ambiguous about the risky assets, she/he decides
to invest in a risk-free asset, a purely risky asset and an ambiguous risky asset whose return
is uncertain. Furthermore, we take the stochastic salary into account. The objective is to
maximize the expectation of the accumulated benefit payment and terminal wealth under a
smooth ambiguity utility which is the double power form. The utility function makes the
problem time-inconsistent and we establish the extended HJB equation via game theoretic
formulation. The equilibrium strategy and equilibrium value function are derived under
smooth ambiguity. Next, we consider the longevity trend and assume that the mortality
hazard rate is a function of age and time, which extend the Makeham's Law. The pension
fund is allowed to invest in a risk-free asset and a risky asset whose price process satisfies
the CEV model. The objective is expected utility maximization of terminal wealth and
cumulative benefit. By applying dynamic programming approach, we establish the
corresponding Hamilton-Jacobi-Bellman equation and obtain the optimal investment and
benefit strategies for CARA and CRRA utilities, respectively. Finally, sensitivity analyses
of optimal strategies are provided to demonstrate the effects of model parameters on
optimal strategies.

Equilibrium reinsurance strategy for an insurer with alpha-robust mean-
variance criterion and mean-conditional Value at Risk principle

B AR E N ROR A

This paper investigates the equilibrium reinsurance strategy for an insurer with the
$\alpha$-robust mean-variance criterion when the reinsurance premium is calculated by the
mean-conditional Value at Risk (Mean-CVaR) premium principle. With the constraint of
indemnity principle and incentive compatibility condition, the equilibrium reinsurance
strategy is explicitly derived in the infinite reinsurance space for $\alpha=08$,
$\alpha\in\left(0,\frac {1} {2} \left(1-\frac {\sqrt{3} } {3} \right)\right)$ and
$\alpha\in\left[\frac{1} {2} (1-\frac{\sqrt{3}} {3}),1\right]$ respectively. Generally speaking,



the auxiliary reinsurance strategy derived by the point-wise optimization approach might
fail to satisfy the incentive compatibility condition. By taking a given arbitrary admissible
reinsurance strategy as a reference, we propose a modification approach and then show that
the equilibrium reinsurance strategy belongs to the set of combination of excess-of-loss
reinsurance with at most 5 parameters. Notice that the objective integrand function in this
optimization problem possesses either convexity or concavity piecewise. By the
modification approach, we can overcome the moral hazard challenge. Most importantly,
this approach has good applicability for modifying reinsurance candidate to satisfy the
incentive compatibility condition.
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