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ABSTRACT

The seminal work on equity option pricing by Black and Scholes earned the 1997 Nobel Prize in Economics, while the key idea of their model is to construct a hedging portfolio of the underlying asset and a borrowing position. The replication and self-financing features of this hedging portfolio, together with the assumption of a single risk-free funding rate for the borrowing position lead to a PDE, whose solution gives the Black-Scholes pricing formula for equity option. This idea has been widely extended in mathematical finance to price complex financial derivatives.

Current over-the-counter trading of financial derivatives in capital markets is usually performed with certain collateralization requirements in order to limit the counterparty credit risk. The mismatch between collateral settlement period and the derivative payment date results in two different funding rates according to the actual cashflows. The discrepancy between these two rates has become material and fluctuant since the recent financial crisis, such that the single funding rate assumption in the classical Black-Scholes model is not valid any more. Based on the pioneering work by Piterbarg on the impact of funding sources to option pricing and following the pricing theory by hedging in Black-Scholes model, we study the general case of pricing a financial derivative that can be partially collateralized in a foreign currency. With sophisticated decomposition of the funding position in the hedging portfolio and the proper analysis on its self-financing requirement, a PDE similar to the original one by Black and Scholes is presented together with three equivalent forms of its solution as the derivative price. The special cases of the pricing formulae yield various discounting methods of the projected cashflows of the derivative. Furthermore, the generic pricing formulae also explicitly define the funding value adjustment (FVA). For the first time a decomposition of the FVA is provided with the financial implication.
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Dr. Hu Zhang于南京航空航天大学获得学士学位，在香港科技大学获得硕士学位，以及在德国基尔大学获得计算机科学博士学位。之后在加拿大McMaster大学从事博士后研究。学习期间共发表20多篇论文，涵盖计算机科学，网络设计，运筹学以及数值分析等领域，论文刊登于Mathematical Programming，Journal of Computer and System Sciences，ACM Transactions on Algorithms，Discrete Applied Mathematics，Journal of Combinatorial Optimizations，Journal of Parallel and Distributed Computing等刊物。这些工作一共被他人引用近百次。
自2007年进入金融业界，先后于加拿大帝国商业银行和加拿大皇家银行工作，主要研究资本市场中的数学模型，目前为加拿大皇家银行模型风险管理部门高级经理。工作范围涵盖许多关于金融危机及新监管规则的问题，包括新贴现理论，利率曲线模型，对手信用风险，信用估值调整，资金估值调整，利率及信用结构化衍生品，递增风险资本和次级房贷证券等。关于递增风险资本模型的论文是此方向全球最早的研究成果之一，并成为许多一线银行的参照标准。最近关于贴现理论和资金估值调整的论文中提出金融衍生品的一般定价模型，为学术界及工业界所公认，并成为市场参与者及商业解决系统的参考。
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