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学位论文中文摘要：
交互式定理证明器是一种通过人与计算机进行交互完成证明的软件，以形式逻辑作为基础，具有非常高的可信度，可以用来验证复杂的数学定理和性质，已经成功应用于硬件、软件、信息物理融合系统等大型系统的验证之中。但交互式定理证明器学习难度很高，证明过程也很繁琐，这些缺点阻碍了该技术的大范围推广。数学、物理和工程领域经常需要进行符号计算，计算机代数系统是一种简单易用的符号计算软件，具有很高的求解效率，但无法保证结果的正确性。

为了提升交互式定理证明器的使用效率，本论文提出了一种将交互式定理证明器与符号计算进行结合的框架，并实现了一个定积分演算验证系统来解释该框架的原理。定积分验证系统可以分为符号计算、用户界面和证明翻译三个部分，下面分别介绍各部分的创新性贡献。

在符号计算部分，我们为用户提供了常规积分规则，并基于这些规则重构了启发式符号积分算法Slagle方法，提升了计算的自动化程度。此外，我们定义了可以表示积分运算过程的中间语言，该语言同时记录了符号计算的细节，我们可以根据中间语言把积分计算过程翻译为高阶逻辑命题，改善了直接使用高阶逻辑表示计算过程不直观的问题。

用户界面是验证系统的前端，不同于传统的交互式定理证明器，我们实现了一个类似于计算机代数系统的界面，用户使用该界面时只需专注于定积分的求解而不用关心证明的细节，该界面可以自动把计算过程翻译为中间语言。相比于计算机代数系统，本界面允许用户使用更加细粒度的规则进行符号计算，改善了通用符号计算算法无法求解某些复杂积分的问题。

在证明翻译部分，我们利用交互式定理证明器HolPy的证明机制，实现了可以自动验证表达式简化、不等式判定、函数连续性和可微性等命题的高效证明自动化算法。在把计算步骤翻译为高阶逻辑命题后，该算法可以自动寻找这些命题的证明。相比于其它研究工作只能在交互式定理证明器中验证多项式重写等相对简单的符号计算，本论文提出的证明自动化算法可以验证积分、微分等更加复杂的数学运算。

本论文最后使用大学难度的定积分习题集对定积分验证系统进行了测试，并与主流的计算机代数系统进行了对比，实验结果体现了验证系统的实用性。
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学位论文英文题目：Verified Interactive Computation of Definite Integrals
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学位论文英文摘要：
Interactive theorem provers (ITP) are software tools to develop proofs by human-computer interaction. ITP are based on formal logic which gives ITP a high level of confidence, hence it can be used to verify fairly complicated mathematical theorems and properties. ITP have been successfully used to verify large engineering systems such as hardware, software and cyber-physical systems, etc. But the learning curve of ITP are very steep, as well as using ITP is a tedious work, these shortcomings prevent ITP from scaling their scope of application. By contrast, symbolic computation is involved in many areas of mathematics, as well as in analysis of physical systems, science and engineering. Computer algebra systems (CAS) provide an easy-to-use interface for performing these calculations under efficient algorithms, but do not provide strong guarantees of correctness.
In order to improve the productivity of ITP, we propose a framework for combining these two methods, and implement a system for verifying the computation of definite integrals to demonstrate this framework. The system consists of three parts: symbolic computation, user interface and proof translation. The novelty and contribution of each parts are summarized as follows.
For symbolic integration, we provide users basic rules and reconstruct the heuristic integration algorithm Slagle's method based on these rules which improves the automation of our system. In addition, the system consists of an intermediate language for recording computations, the language stores the details and can be translated propositions in higher-order logic, which makes the language of ITP more intuitive.
User interface (UI) is at the front end of our system. In contrast to normal UI, our system allows users to carry out step-by-step computations in a CAS-like interface which makes users only need to concentrate on the solution of integrals without considering the proofs, the UI can generate intermediate language automatically from computations. Comparing to CAS, our UI provides users more fine-grained rules for computation which makes our system possible to verify integrals that are difficult even for powerful CAS.
We use HolPy to translate intermediate language to proofs in higher-order logic. To achieve this goal, we implement a proof automation algorithm to verify the propositions arose from the process of translation, such as simplification, inequality checking and showing continuity, differentiability of functions, etc. Comparing to others' research, our proof automation can verify more complicated properties.
Our system is implemented in Python based on HolPy, and tested on a large collection of examples at the undergraduate level as well as compared with CAS, which shows the practicality of our system.
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