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Abstract: In this paper, we study backward doubly stochastic differential equation with time delayed generators. In this new type of equations, generators at time t can depend on the values of a solution in the past, weighted with a time delay function for instance of the moving average type. We prove existence and uniqueness of a solution for a sufficiently small Lipschitz constant of generators.
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0 Introduction
The theory of non linear backward stochastic differential equations (BSDEs) was introduced by [7] with its main motivations being mathematical finance (see El Karoui et al. [6]) and stochastic control theory (see Yong and Zhou [10]). In the last twenty years much effort has been given to this type of equations and nowadays many classes of BSDEs and results on them are available. Due to tractability, common results are achieved within a Markovian frame-work. Under certain conditions the BSDE’s solution exhibits a Markov structure and hence can be interpreted as an instantaneous transformation of the under-lying Markov process that spans the stochastic basis of the underlying probability space. This in turn yields access to the theory of partial differential equations via the non-linear Feynman-Kacformula.

  Moving away from the Markovian setting, Delong and Imkeller [4, 5] introduce a new class of BSDE labeled backward stochastic differential equations with time delayed generators (delay BSDEs ). The dynamics of these BSDEs are governed by
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where the generator 
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is allowed to depend on the past values of the solution 
[image: image6.wmf]Z)

(Y,

over the time interval 
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. In these two works the authors answered thoroughly several fundamental questions: existence and uniqueness of a square integrable solution, comparison principles, existence of a measure solution, BMO martingale properties for the control component 
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of the solution, Malliavin differentiability for delay BSDEs driven by a Wiener process and a generalized Poisson martingale. On the other hand, a new kind of backward stochastic differential equations was introduced by Pardoux and Peng [8], which is a class of backward doubly stochastic differential equations (BDSDEs for short)
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with two different directions of stochastic integrals, i.e., equations involving both a standard (forward) It^o stochastic integral 
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and a backward It^o stochastic integral 
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. Pardo- ux and Peng [8] established the existence and uniqueness of solutions under uniformly Lipschitz coeffcients. Since then, the theory of BDSDEs has been developed by many researchers in a series of paper (see e.g. Bally and Matoussi [1], Buckdahn and Ma [2, 3] and Shi, et. al [9]). 

  Motivated mainly by Delong and Imkeller [4, 5] and Pardoux and Peng [8], in this paper, we would like to introduce backward doubly stochastic differential equation with time delayed generators
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    Here, the generators 
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 and 
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at time 
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 depend arbitrary on the past value 
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of a solution
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. We desire to obtain the existence and uniqueness of solutions under uniformly Lipschitz coefficients. our result extends that in Delong and Imkeller [4, 5].

      The rest of this paper is organized as follows. In Section 2, we present some necessary pre- liminaries on BDSDEs with time delayed generators. The Section3 is concerned with the main result.
1 Preliminaries
In this section, we introduce definitions and preliminary facts which are used throughout this paper.
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where for any process 
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2 Main Results
   In this section we consider the existence and uniqueness of solutions to the following backward doubly stochastic differential equations with time delayed generators 
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. In order to establish the existence and uniqueness of equation (1), the following assumptions are imposed:
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Lemma 2.1.  Let (H1)-(H4) hold. Then, BDSDE (2) admits a unique adapted solution 
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Therefore, 
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  Hence, from It^o's martingale representation theorem,
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For the uniqueness, let us suppose that 
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  On the other hand, by orthogonality, we derive
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The proof is complete.
Our main result in this paper is the following theorem.
Theorem 2.1 Let (H1)-(H4) hold. Then the BDSDE (1) admits a unique adapted solution 
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Proof. For any 
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, we consider the following BDSDE:
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Thus, by Lemma 2.1, BDSDE (6) admits a unique adapted solution 
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   Let us consider the map 
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<带时间延迟算子的重倒向随机微分方程>
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<作者单位>
摘要：本文研究一类带时间延迟算子的重倒向随机微分方程。在这类新的方程中，算子在时间t 时刻的状态依赖解过程在t之前的值。我们用平均值类型的函数来描述这种时间延迟的依赖程度。我们证明这类方程在充分小的Lipschitz 系数下存在唯一的解。
关键词：重倒向随机微分方程；时间延迟算子；压缩不等式；存在唯一性。
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