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学位论文中文摘要：
随着机器学习的迅猛发展，机器学习对人们的日常生活产生了深远的影响，如何保证机器学习系统的可靠性变得十分重要。可靠的机器学习系统不仅需要具有较高的性能，其输出结果还应满足社会、法律、伦理的公平性要求。但现有的评估标准无法同时兼顾机器学习系统的准确性与公平性；而且，在增强其准确性或公平性二者之一时，往往以损害另一方面为代价。 
为此我们进行了兼顾准确性的机器学习系统公平性研究，从准确且公平的角度出发，提出准确公平性标准，从而实现兼顾准确性与个体公平性的机器学习系统评估。准确公平性将群体公平性标准的独立性条件与个体公平性标准的相似性条件进行结合，同时还考虑了准确性标准中的真实标记信息，其含义为：每个样本的预测结果独立于保护属性，且与真实标记一致。本文还提出准确公平性度量标准：公平查全率、公平查准率、公平-F1 得分，来度量分类器的准确公平程度。此外，基于准确公平性的个体公平与群体公平相统一的特性，本文还提出特权得分从个体公平的角度对歧视进行解释。 
为了在提高分类器准确公平性的同时，不损失其准确性，本文将公平数据增强与孪生网络进行结合，提出公平孪生算法。在三个公平性基准数据集上的实验结果显示，我们的方法有效地提升了分类器的准确公平性，同时未降低其准确性，公平-F1 分数平均提升11.5%，准确性平均提升4.7%，个体公平性平均提升17.5%，优于其他 6 种主流歧视消除算法。 
最后，本文将准确公平性标准以及公平孪生算法应用于现实生活中的服务歧视问题。实验发现在服务歧视中，具有特定消费习惯的群体更有可能获得优待服务，而另一些特定消费习惯的群体更容易被歧视。用户消费习惯属性的准确公平性与模型准确性间的间隔，可能会导致用户支付相同房费时，却获得有差别的房间服务；公平孪生算法通过减小用户消费习惯属性的准确公平性与模型准确性间的间隔，提升了分类器的准确公平性，提升后的分类器可保证对 97.9%支付相同房费的顾客提供相同的房间服务，与基准分类器相比其个体公平性平均提升了 20.7%，同时未降低分类器的准确性。

本文的贡献以及创新性总结如下： 
1. 本文提出兼顾准确性与个体公平性的评估标准——准确公平性；进一步提出准确公平性度量、特权得分，分别用于度量模型的准确公平程度以及从个体公平的角度解释模型产生的歧视。 
2. 本文首次将孪生网络应用于消除模型歧视，提出公平孪生算法，该算法可以增强模型准确公平性的同时不损失模型的准确性。在三个公平性基准数据集上的性别歧视、年龄歧视、种族歧视以及多属性组合歧视实验结果验证了公平孪生算法的有效性。 
3. 最后本文将准确公平性标准、公平孪生算法应用于发现和解决现实生活中的服务歧视问题。帮助酒店在不降低收益的情况下，消除服务歧视问题，为不同消费习惯的客户提供准确且无差别的房间服务。 
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学位论文英文摘要：
With the rapid development of machine learning having a profound impact on people's daily life, it has been becoming more and more important to ensure the reliability of machine learning systems, which not only require high performance but also expect the outputs to meet the fairness requirements by laws and social ethics. However, the existing evaluation criteria cannot take both accuracy and fairness into consideration. Moreover, enhancing either aspect of accuracy or fairness may sacrifice the other inevitably.
We propose in this thesis a new fairness criterion, accurate fairness, to assess whether an individual is treated both accurately and fairly regardless of its protected attributes. Thus, the side effects of enhancing just one of the two aspects, i.e., true bias and false fairness, can be effectively identified with our criterion. We further propose new fairness metrics: fair-precision, fair-recall, and fair-F1 score to evaluate the reliability of a machine learning model from the perspective of accurate fairness, and privilege score to explain the possible discriminations from individual fairness by the model.

We then present a fair Siamese approach for accurate fairness training, which combines the fair augmentation with the Siamese network improving the accurate fairness without trading accuracy. To the best of our knowledge, this is the first time that a Siamese approach is adapted for bias mitigation. Case studies with typical fairness benchmarks demonstrate that our fair Siamese approach can, on average, promotes the 17.5% higher individual fairness, the 11.5% higher fair-F1 score, and the 4.7% higher accuracy of a machine learning model than the state-of-the-art bias mitigation techniques.

Finally, the accurate fairness criterion and the fair Siamese approach are applied to investigate a service discrimination problem, where customers with different consumption habits may be recommended with disparate services, even though they pay the same prices for the same rooms. It is found by the accurate fairness criterion that the dependency between room services provided by hotels and customer consumption habits may cause service discrimination, where user groups with specific consumption habits have much more privileges than other groups. The fair Siamese approach improves accurate fairness without trading accuracy by enhancing the independency between room services and customer consumption habits e.g., by fairly serving on average 97.9% customers with different consumption habits who pay the same prices for the same rooms (20.7% more than original models).

The main contributions of this paper are as follows.

1.We propose a new fairness criterion, accurate fairness, which is an organic synergy between accuracy and individual fairness. We further propose new fairness metrics and privilege score, to evaluate the level of accurate fairness of a machine learning model and explain the discriminations form individual fairness respectively.

2.We present and implement a fair Siamese approach to train a machine learning model under the criterion of accurate fairness, in order to improve its accurate fairness without trading its accuracy. 

3.Finally, the accurate fairness criterion and fair Siamese approach are applied and evaluated with typical fairness benchmarks and a real Ctrip dataset. The case studies reveal the existence of true bias and false fairness in the learned classifiers, while our approach can truthfully mitigate these defects improving the accurate fairness without trading accuracy.
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