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Executive Summary

National security depends critically on accurate, high-quality information being available at the right time to support important policy decisions. A key element of this process is the work of the intelligence analyst, who must (often quickly) produce the right information from a potentially enormous number of sources, reports, documents and databases. Today's information retrieval technology provides some help, but clearly more is needed.

High-Quality Interactive Question-Answering (HITIQA) technology will allow the analysts and other users of information systems to pose questions in natural language and obtain relevant, factual answers, or the assistance they require in order to perform their tasks. For example, the question “How long does it take to fly from New York to Paris on a Concorde?” would be expected to generate the answer of “The Concorde service to Paris is still suspended - the usual flight time is 3.5 hours.” Similarly, a request “What recent disasters occurred in tunnels used for transportation?” would produce a list or a table of appropriate facts organized according to an analyst’s instructions; while “What was Russia’s reaction to U.S. bombing of Kosovo?” would have a comprehensive report prepared on the issue. These exchanges will not happen in isolation; in most cases the system must engage the analysts in a dialogue to clarify their intentions and goals, while they navigate visually through multidimensional information space. The information necessary to answer analysts’ requests may be available to the system (although this is by no means guaranteed), but its exact format is not known a priori: it could be a database record, a short text passage, or it could be scattered among many documents; it could be stated explicitly or it may have to be inferred. 

The analysts, of course, could find the answers they require by searching the available data using other access means, e.g., using a document retrieval system or database search with structured queries; however, none of these would quite match the convenience and directness of HITIQA. In HITIQA, information delivered to users is not only relevant, but it’s useful and tailored to the tasks they are performing. Moreover, the information is of the highest quality possible, relative to the user task and needs; it is as timely, reliable, trustworthy, and accurate as it can be, and has a degree of confidence attached.

This project aims to make significant advances in the state of the art of automated question answering by focusing on the following key research issues:

· Question Semantics: how the system “understands” user requests

· Human-Computer Dialogue: how the user and the system negotiate this understanding

· Information Quality Metrics: how some information is better than other

· Information Fusion: how to assemble the answer that fits user needs.
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The project will involve several cycles of experiments with users performing a variety of tasks. Empirical data gathered from these experiments will be analyzed to induce models for automated assessment of information quality and for optimizing information fusion. These models will be embedded in the evolving HITIQA prototype. The concept is illustrated in Figure 1. The emerging system will undergo a series of formal evaluations, both user-centered evaluations obtained from the above experiments, and Government mandated quantitative evaluations.

This project covers aspects of 3 technical areas identified in the AQUAINT Program:

1. Question Understanding and Interpretation. Our project covers: methods of determining the exact meaning of analysts’ questions, interacting with the user, refining and clarifying question context, and providing feedback on system’s “understanding” of analysts’ questions through Q&A sessions.

2. Determining the Answer. Our project covers: advanced retrieval, extraction and fusion of information from multiple sources and “documents”; dealing with incompatible and contradictory information and weighting credibility of sources through information quality assessment.

3. Formulating and Presenting the Answer. Our project covers methods of fusing information pieces from disparate sources into the sort of coherent, well-formed answer that a human would be expected to compose.

The key to our approach is to develop a learning interface system, which learns on two different time scales. On the short time scale, it learns, from the current analyst and the current session, the importance of specific terms and concepts in defining an answer. On the longer time scale, it integrates that understanding with a model of the problem context (which may be shared by several analysts, using as a model the AntWorld System developed at Rutgers), and it develops a model or understanding of this specific analyst, expressed in terms of preferences for language, source, genre, recency, authenticity, etc.
The system will locate candidate answers to a question within appropriate sources and combine them with other knowledge sources towards generating useful answers. Data fusion techniques will be applied to combine evidence from multiple sources and to identify and deal with contradictions and inconsistencies. The system will make use of algorithms for combination of evidence, and of confidence indicators attached to each element of information.  These will adapt to match the user's preferences over time.

We will address substantial, unsolved questions specifically relevant to the larger, more broadly defined goals of the AQUAINT Program, as well as transferability of our algorithms and technical approach to the other four data dimensions in the call. By focusing on the interface with the user, and building adaptive models of the user’s short-term goals and long term preferences, we have an approach that can be transferred to other media, and to multiple collection, with little additional work. In addition, we will attack the three environmental factors, as described: scalability, analysis and synthesis across multiple documents, and dealing with extreme data situations. 

Scalability will be handled initially by regulating the flow of information that is directly handled by the system. This will be done by taking only the top scored documents from some set of retrieval engines. 

Synthesis will be attacked by extracting key passages, and attaching to each passage a vector of scores representing various dimensions of value in an answer. By interacting with the interface the user will rank and combine those aspects of value to select the passages deemed most salient for the immediate situation.  Additional research will focus on learning rules to synthesize multiple passages into a single summary answer.

For Extreme Data Situations the system will learn, adaptively, in each user situation, what is an acceptable level of confidence below which it is best to show no answer at all. One way to handle contradictory documents is via a graphical interface in which clusters of concordant answer quanta are clustered near each other, and connected by a “contradiction link” to clusters with which they do not agree. 

Innovative Claims

The key objectives of the HITIQA project is to deliver significant innovations in Question-Answering, as follows:

· Develop and evaluate a new model for natural language question semantics based on sub-categorization of the relevant information available to the system. This will be accomplished by filtering multiple information sources and performing multi-faceted categorization to expose various dimensions of the potential answer space. 

· Develop an innovative data-driven dialogue management system. The central role of the dialogue component will be to negotiate with the users the desired and exact meaning of the questions they pose. The goal is to converge the system’s “understanding” of these questions to meet the users’ expectations, and therefore the semantics the users ascribe to their questions.

· Develop innovative data fusion techniques and apply these to ranking and combining information from multiple sources and using multiple quality and relevance (Q&R) criteria. The objective is to build predictive models of fusion based on empirical evidence collected from users performing fusion tasks. The system will support fusion of multiple retrieval schemes and other methods for estimating document and passage relevancy in order to achieve better retrieval performance than any one scheme can provide.

· Develop advanced answer fusion based on our experiments with fusing multi-document summaries from chunks of text (phrases, names) found in source documents combined using conceptual reduction rules derived from training material and on-line lexical resources. The objective is to compose an eloquent, concise answer such as a human analyst might be expected to generate. 

· Develop an extended model for classifying information by quality, in addition to, and as an extension of, the traditional notion of relevance. The quality metrics will include criteria that information analysts consider essential in their work: usefulness, reliability, trustworthiness, identification of bias, unambiguousness, etc. We will conduct series of experiments with users performing analyst-type tasks, while our system monitors their actions and responses. We will then apply machine-learning techniques to induce empirical models of quality.

· Integrate into HITIQA information visualization capabilities that will support visual-level communication and dialogue with the user. Visual displays will capture the system’s interpretation of the potential answer space and show how it changes as the question-answering process progresses towards its resolution.

Our system will interact and cooperate with an analyst in the process of formulating the answer, leading to improvements of several key issues in Question Answering. The technical basis for our research is the combination of techniques from Natural Language Processing, Machine Learning, Data Fusion, and controlled experimentation, to develop the capabilities enumerated above.



















PAGE  
3
ARDA AQUAINT Program




