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The document on Roadmap Research in Question Answering identifies some of the expectations that high-end questioners may have from future QA systems: timeliness, accuracy, usability, completeness, relevance and others. We propose to research and develop an advanced technology for Answer Extraction and Formulation that will be at the hearth of any QA system addressing the expectations that Intelligence Analysts and other users may have from QA systems.

Consider for example someone who is in the process of gathering information about ``international migration''. He or she would like to know How do trade liberalization and foreign aid affect international migration? This, like many other analysis questions, require first the identification and the extraction of   bits and pieces of information that eventually have to be assembled into a coherent answer. One of the tasks in this proposal is to identify what the right bits and pieces are for each question, no matter how complex the question may be, and moreover, will provide with a methodology for assembling coherent answers.

Question interpretation as well as answer extraction and formulation often require extensive knowledge bases, far more specialized than what is available in a general-purpose knowledge base like WordNet. Given the open-domain nature of this QA research, most likely the knowledge needed for many questions will not be available apriori. The solution we propose is to acquire such knowledge on-line from where knowledge is usually stored, namely texts. The sources of information   may be digital libraries, the Web and other textual documents.  The candidate answers extracted by our Answer Engine need be evaluated in order to decide which one is the correct answer, if any. This justification is done with a logic prover that formally demonstrates the question intent from the snippets of texts, thus selecting the right answer. To logically link a query with the elements of an answer requires not only a sophisticated theorem prover, but also a considerable amount of world knowledge. We propose to develop an Inference Engine capable of demonstrating, justifying and explaining answers of various degrees of complexity. The technical challenges are to develop an inference engine capable of handling a broad range of question-answer pairs, and to control the search process within the huge knowledge base.

Once the constituents of an answer are identified, the next task is to express the answer in a most natural way, namely natural language. We plan to develop a discourse planner that constructs coherent text from the evidence provided by the Inference  Engine. We will allow the user to control the format of the answer: brief or verbose, with or without explanation, provide alternative answers if necessary, and other options. Language generation operators will be developed to control the answer syntax. Advanced machine learning methods such as genetic programming and others will be used to provide answers. 

In this work, we build on our experience gained while building three QA systems, LASSO, FALCON, and QA Server that have participated successfully in the TREC 8, 9 and 10 QA competitions. 

The strength of a QA system derives from the power of its modules as well as from the system architecture that provides structure and dynamic operation. The innovative ideas in the LASSO and FALCON QA systems clearly demonstrate that the architecture plays a crucial role in the overall performance. As new, more sophisticated modules are being developed, the system architecture needs constant reexamination.   The architecture must remain balanced in the sense that bottlenecks of any kind should be avoided. Then, the architecture must be scalable such that its performance remains linear with the addition of new modules and resources. The addition of new modules, especially the complex reasoning modules will slow down the response time. New innovations in the architecture need to be made to compensate for the increased processing complexity. The innovative architectural features on which our systems were built will not be sufficient anymore.

The figure below shows the main modules of a QA system. The work proposed here falls partly under question processing but mostly under answer processing. 
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Figure 1. High level QA System Architecture
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