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AN ADVANCED Q&A SYSTEM

FOR THE SKILLED PROFESSIONAL ANALYST:

A VISION


Advanced QUestion & Answering for INTelligence 

(AQUAINT)

R&D Program Overview

This following description of the AQUAINT Program was extracted from the Program Description Section of the AQUAINT Broad Agency Announcement (BAA) Solicitation. The entire BAA can be found on the CD provided as part of the AQUAINT Kickoff Workshop Materials.  Appendix B to this Overview contains a listing of the 16 R&D Projects that are being funded under the AQUAINT Program Phase I.

1 Introduction

In the Spring of 2001, the Advanced Research and Development Activity (ARDA) issued a Broad Agency Announced through the Maryland Procurement Office that solicited proposals for innovative, creative, and high-risk research to advance the state-of-the-art in technologies and methods for: understanding and interpreting complex questions, determining the answers to those questions, and formulating and presenting the answers. Known as the Advanced QUestion Answering for INTelligence or AQUAINT Program, it is anticipated that this R&D Program will run in three two-year phases over a period of six years.  Specifically, this solicitation sought proposals for the two-year, Phase I AQUAINT Program that will run from Fall 2001 through Fall 2003.

Currently, intelligence analysts access data primarily by means of information retrieval.  When a question is posed to a textually based data archive, the system's task is to fetch back a set of documents that contain the words or topics mentioned in the question or otherwise satisfy the retrieval system's query.  For queries posed against the World Wide Web or other large archives, the pages returned by a search tool may number in the thousands, hopefully with some ranking by estimated relevance to the query. 

In many situations this form of information access is crude and inefficient.  Frequently questions are posed to a textually based archive using Boolean keyword queries in hopes of finding a specific answer, and when the retrieval system returns a set of documents that may somewhere contain the answer, the system has only taken a first step toward the user's real goal.  The analyst is left to scan through the returned documents, discarding the numerous irrelevant ones, to then dig through the remaining more relevant documents him or herself, to next analyze and interpret their contents, and to finally uncover or infer the specific answer he or she is seeking.  Where the documents returned are long, complex, and numerous, this manual step can be tedious and time-consuming - and may be completely impractical when events are unfolding rapidly and deadlines are short.

Retrieval of relevant information, even in the form of lists of data items or "documents" from non-textually-based data archives (e.g. speech/voice-based, document images, still imagery and video, geospatial and technical data archives), is even more primitive and unacceptable to intelligence analysts. And the extraction of relevant pieces of information and their synthesis into an acceptable answer is essentially non-existent.

The AQUAINT Program aims at significantly pushing the current state-of-the-art towards QA systems which can answer an analyst's questions directly rather than merely furnishing a list of relevant "documents". When the intelligence analyst poses focused, factual questions for which the answers are explicitly present in the available data archives, the QA system should be able to find, extract, and formulate concrete answers. And when more complex questions are asked for which the available and relevant information is less direct, localized, and complete, QA systems should be able to synthesize or infer the most complete answers possible from multiple "documents" and to simultaneously highlight areas where the answer is either incompletely or potentially less reliable. 

2 AQUAINT Program Goals

The AQUAINT Program will consider innovative technical designs, algorithms, methods, processes, technologies, or techniques with the potential for significantly advancing the current state-of-the-art in areas that are directly and materially related to one or more of the following Program goals:

· Accept complex "Questions" in a form natural to an information analyst

· Translate these questions into multiple queries appropriate to the multiple data sources
 to be searched

· Find relevant information in these multiple data sources

· Analyze, fuse and summarize the relevant information extracted or otherwise derived from these multiple data sources into a coherent "Answer"

· Provide an "Answer" back to the information analyst in a form he or she wants in at timely fashion

3 Key Implications of the Advanced QA System Envisioned by the AQUAINT Program

The ultimate goal of the AQUAINT Program is not to develop question and answer capabilities only for single, isolated, factually-based questions whose answers can be found as a single string or within a relatively short window of text (e.g. a 50 or 250 byte window of text) in a single document.  Rather this R&D program intends to address a scenario in which multiple, inter-related questions are asked in a particular topic area by a skilled, professional information analyst who is attempting to respond to larger, more complex information needs or requirements.

There are several key implications associated with the final goals of the AQUAINT Program that potential Offerors must keep in mind as they respond to the specific technical requirements that are discussed in the subsequent sections of this document. We felt that it was important to draw special attention to them now, before proceeding with the specific technical requirements that will be addressed by the AQUAINT Program. 

3.1 Context

Context is at the heart of the envisioned final solution. These ultimate, advanced QA systems must possess the ability to capture, analyze, interpret, accumulate, and effectively utilize the context of current and past QA sessions throughout the system. That is, the context in which an expert information analyst is asking questions as well as any previous question and answering sessions needs to be fully exploited so that unnecessary context clarification interactive sessions between the analyst and the Question & Answering system are avoided to the fullest extent possible. This also allows answers to be provided back to the analyst in a manner that closely matches the analyst's expectations.

3.2 Complex Questions

In addition to the more factually based who, what, when, where types of questions that today's state-of-the-art QA systems tackle, the ultimate, advanced QA system must be able to successfully respond to the far more complex why and how types of questions. These complex questions will likely involve judgment terms involving intent, motive, meaning, reason, purpose, aim, objective, implications, etc. or the questions might require the advanced QA system to compare, contrast, examine, inspect, match, size up, weigh, etc. two or more different, yet related entities, objects or positions.  And finally the questions asked of this ultimate system will at times tend to be somewhat vague, open-ended, and abstract.

3.3 Multiple Data Sources Of All Types

Clearly text-based data sources will not be sufficient to appropriately answer all these complex questions. In fact, information that is relevant and pertinent to most complex questions will need to be derived from a highly heterogeneous collection of a large number of diverse data sources of all sizes and types. The individual data sources within this collection might include knowledge bases, structured databases and other highly heterogeneous data repositories containing unstructured text, web pages and other HTML and XML structured documents, document images (e.g. scanned or faxed documents), voice recordings, images (both still and video), geospatial and abstract data sources, and other multi-media data objects. The human language data objects within these data sources may be expressed in English, as well as multiple foreign languages and be found in multiple foreign language scripts, character format styles, topics, and genre. Adding to the complexity of the situation, is the fact that data sources within the collection may be physically distributed and may have restricted access based upon operational and security considerations. Most of these data sources will not be static as data will be added and deleted from them on an on-going basis.  The same can be said of the highly heterogeneous collection of data sources, as sources may be added and deleted on an on-going basis.  To say the least, it is an extremely dynamic and diverse environment.

3.4 Generating Answers Not Lists of "Documents" or "Passages"

Answers are to be presented by the ultimate advanced QA system in an integrated and summarized fashion rather than merely providing one or more lists of potentially relevant documents, images, recordings or multi-media data objects or offering up multiple highlighted or extracted passages that might contain the desired answer. For most non-factual questions, the ultimate advanced QA system will need to create and generate the answer in a form and manner expected by the analyst out of the combined results of the system's analysis, synthesis, fusion, interpretation, understanding of all of the relevant information that it has retrieved.  

3.5 Impact of Implications on Phase I

ARDA accepts that this ultimate, advanced QA system will, in all likelihood, be virtually impossible to achieve within the timeframe of the AQUAINT Program.  But, ARDA is committed to pursuing a long-term view of the Advanced QA problem. This may involve high risk but it also holds the promise for high payoff.  ARDA expects technology that emerges from the AQUAINT Program to significantly accelerate the development of the next generation of intelligent question answering systems that will extend and supersede the information retrieval systems of today.

4 Technical Areas for Phase I of the AQUAINT Program

The technical goals of the QA Program are to advance the state-of-the-art in: question understanding and interpretation, in determining the answer, in formulating and presenting the answer, and in selected enabling technologies that directly impact the three previous goals.  Emerging capabilities must be scalable and support data over various dimensions. In addition, ARDA has a high interest in demonstrating the effectiveness that should be achievable by combining the capabilities resulting from the R&D sponsored under this Advanced QA Program in an integrated, "plug-and-play" system environment. While there are some capabilities in each of these areas today, they are extremely limited and inadequate to meet the Government's requirements for question and answering against large heterogeneous collections of structured and unstructured information containing multiple media types and genre types in multiple languages.

Phase I focuses on the following three Component Areas / Functional Capabilities:

(1) Question Understanding and Interpretation

(2) Determining the Answer

(3) Formulating and Presenting the Answer

And/Or 

(4) Cross-Cutting/ Enabling/Enhancing Technologies that directly and materially support the goals of the AQUAINT Program and one or more of the areas (1) to (3) listed above.

Each of these four technical areas is described in more detail below.

4.1 Question Understanding and Interpretation

The AQUAINT Program seeks to develop algorithms and methods that are capable of determining what an analyst is asking, interacting with the user, if necessary, to refine and clarify the context of the question. Feedback, based on the system's interpretation of the analyst's question, should reassure the analyst that his or her question has been properly understood. This feedback may also, possibly encourage, the analyst to create additional follow-up or supplemental questions. Because an analyst does not typically ask a single question in isolation, maintaining the context of the questioner's line of reasoning across QA sessions is absolutely essential. It would be extremely helpful if one analyst's questions and the corresponding answers could be cited to another analyst following a similar line of reasoning on a related topic.  The questions other analysts have asked would be most beneficial to junior analysts and when analysts are working in collaboration on a critical problem. 

4.2 Determining the Answer

Today, reasonably sophisticated knowledge bases are emerging, most focused on a specific domain. These along with the traditional structured databases contain a vast amount of information. All this is in addition to enormous volumes of unstructured and uncataloged text, speech, video, image, multi-media, geospatial, technical and other abstract data. The AQUAINT Program is seeking innovative approaches to distilling the answers to user's questions from these vast reservoirs of information. Somehow, we must transform this information into knowledge. 

QA systems must be able to extract relevant information from multiple data sources, to synthesize answers from this extracted information, and to explain to users how an answer was derived.  Advanced data retrieval, extraction, and understanding technology will be needed to allow QA systems to locate the answers to a question within appropriate sources for all the types of data outlined above, then to elicit relevant information from the retrieved "documents" and data objects, and finally to understand and interpret this extracted information and to combine it with other knowledge sources in preparation of generating the expected answers for return to the user. The challenge will be significantly greater when components of an answer reside in different data sources and must be fused into a coherent response by the system.  Finally, it will be important for the system to explain or justify its answer to the user, particularly when the answer was derived by a complex chain of inference that the user will want to review and validate.  Special challenges will arise when contradictory evidence is found in different sources. In which case, the user or the system itself will have to weigh the credibility of these different sources against one another.

4.3 Formulating and Presenting the Answer

QA systems must be able to present answers in an integrated and summarized fashion and in a form and structure that is coherent, natural, and directly responsive to the user's question. Merely providing one or more lists of potentially relevant documents, images, recordings or multi-media data objects, even if key passages/elements are highlighted will become increasingly unacceptable as the AQUAINT Program evolves. This means that the advanced QA systems envisioned by the AQUAINT Program must go well beyond the simple technique (emphasized in TREC's QA track) of returning a small chunk of text which "contains" the answer.  Material drawn from a source document may need to be rephrased to respond to the question directly, as would occur in human conversation.  This will be extremely critical when an answer is assembled or inferred from multiple sources and where there is no single “chunk of text” that can be mechanically fetched and returned to the user.

4.4 Cross Cutting/Enabling Technologies that Directly and Materially Support the Development of an Advanced QA System

ARDA believes that there are a number of important technology areas and unanswered research questions that cut across the three components listed above and which are fundamental to the ultimate achievement of the AQUAINT Program goals. The AQUAINT solicitation did not limit proposals in Cross-Cutting/Enabling/Enhancing Technologies to the areas specifically listed below.  In fact, Offerors were encouraged to propose other areas that they believed met this criteria

· Advanced Reasoning for Question & Answering

· Sharable Knowledge Sources

· Content Representation

· Interactive Question & Answering / Question & Answering Sessions

· Role of Context

· Role of Knowledge

· Language Processing

5 Data Dimensions for Phase I

One of the key goals of the AQUAINT Program is that these advanced QA systems must operate against a highly heterogeneous collection consisting of a large number of diverse data sources of all sizes and types. This is an extremely lofty goal when one realizes that the current QA state-of-the-art is focused on unstructured text-based sources (as represented by the TREC QA Track), on high performance knowledge-bases (as represented by the DARPA Rapid Knowledge Formation (RKF) Program), and by preliminary QA systems operating on the World Wide Web (as represented by "Ask Jeeves").  The AQUAINT Program Committee realizes that it can not precipitously move to a large number of distinct, highly diverse data sources in one step. Clearly this journey will take multiple steps.  Also the Committee does not want to lose the momentum already gained by the more specialized approaches just identified, especially the TREC QA Track.  For this reason, the AQUAINT Program Committee has decided that for Phase I, the AQUAINT Program will focus on efforts that are directed against one of the following data dimensions.  For each data dimension the following information is provided: a short description, the Phase I requirement, and Phase I expectations

5.1 Focused Data Dimension

Description: Single media (e.g. text), single language (e.g. English), and single genre (e.g. newspaper/newswire articles) in an unstructured data source.

Phase I Requirement: The TREC QA Track text corpus is required if text is chosen as the media, English as the language and newspaper/newswire articles as the unstructured data source.  Alternatively, a different combination of a single media, language and genre may be selected for its unstructured data source.  For example: speech, Chinese, and broadcast news reports. In these latter cases the Offeror must identify an appropriate data source whose size and diversity is comparable to that of the TREC QA Track text corpus.

Expectations: By selecting a narrowly defined data dimension, the Offeror has avoided having to directly deal with important research issues that would have surfaced if the Offeror had chosen to direct their investigation towards one of the other four, more heterogeneous, broadly defined data dimensions.  As a consequence, all Offeror's electing this data dimension must research and investigate substantial, open, unsolved questions that are specifically relevant to the larger, more broadly defined goals of the AQUAINT Program.  In addition, the Offeror must meaningfully address the issue of the overall degree of anticipated transferability of the Offeror developed algorithms and technical approach to the other four data dimensions listed below. And finally, the Offeror must directly address the impact of each of the three environmental factors and attributes described in Section 6 below on their technical approach and/or to include substantive investigations and research efforts against them.

5.2 Multiple Media Data Dimension

Description: The multiple media data dimension includes data sources containing two or more of the following separately or in combinations: Clean text (i.e. text that was originally created as text and captured in a machine readable form); degraded text derived from OCR processing; raw images of documents (e.g. scanned documents or faxed documents) with associated metadata; degraded text derived from speech recognition processes; raw recorded speech data with associated metadata; still imagery and/or video data with associated metadata; abstract, technical and geospatial data with associated metadata; and other forms of derived metadata.

Phase I Requirement: The TREC QA Track text corpus PLUS substantial data from at least one other non-text media sources of the Offeror's choice (e.g. from those media listed above). Utilizing data sources involving three different media is a definite plus.

Expectations: Within this Data Dimension, Phase I will stress important open research issues and investigations that stretch across the breadth of this data dimension or that result from the specific combination of media that has been opted to pursue.  Any additional research efforts that also probe the depths within a single element (i.e. media) within this data dimension are a plus. In addition, Offerors selecting this Data Dimension are required to insure that their research efforts at least compatible with the environmental factors and attributes described in Section 6 below.  Any substantive investigation or research effort involving one or more of these factors and attributes is a definite plus.

5.3 Cross Lingual Data Dimension

Description: English questions with supplemental foreign language references and passages (in their original media or in a processed form like OCR, speech recognition). Multiple media, human language data sources will be in both English and any number of foreign languages.  Foreign languages could be expressed using any number of foreign character scripts and encoding schemes.

Phase I Requirement: Single media (e.g. text or one of the other human language media listed in Section 5.2 above) in three languages:

· English; 

· Chinese or Arabic; 

· PLUS a third language of the Offeror's choice. 

Offerors selecting this Data Dimension are encouraged to either choose both Chinese and Arabic as the second and third languages or to choose their third language from the following list of languages: 

Persian/Farsi, Japanese, Korean, Russian, Hindi, Thai, Spanish or any low-density language
. 

If text is the selected media, then the TREC QA Track text corpus will be utilized as one of the data sources. Also, Offerors may choose to pursue research activities involving more than 3 languages.

Expectations: Same as those for Multiple Media.

5.4 Multiple Genre Data Dimension

Description: The multiple genre data dimension includes but is not limited to the following: Formal and informal correspondence (various media), formal dialogue, informal conversations or discussions, technical/journal articles, newswire/broadcast news; advertisements; product and technical descriptions, government reports; public databases;

Phase I Requirement: One major source of data in a single media, language and genre (e.g. TREC QA Track Newspaper/Newswire text corpus; or the Broadcast News/TDT Speech Corpus) PLUS substantial data from two additional genres but in the same media and language as the main data set). If text is the selected media, then the TREC QA Track text corpus will be utilized as one of the data sources.

Expectations: Same as those for Multiple Media.

5.5 Structured and Unstructured Data Dimension

Description: Structured data includes but is not limited to the following: Tables, charts and maps, diagrams, linked data or directed graph data, structured databases, structured transactions; large knowledge bases; linked web pages/data; and html/xml documents PLUS unstructured data of the types listed above in Sections 5.1 to 5.4.

Phase I Requirement: TREC QA Track text corpus PLUS substantial data from at least two other distinct structured text-based data sources

Expectations: Same as those for Multiple Media.

6 Environmental Factors and Attributes being Emphasize during Phase I

Clearly the envisioned advanced Question and Answering systems in general and the AQUAINT Program in particular cover a large research landscape and offer a great many diverse opportunities for exciting, high risk research.  In addition to the Data Dimensions just discussed in Section 5, the ARDA Program Committee has decided on three environmental factors and attributes that will receive heightened emphasis during Phase I.  

· If the Focused Data Dimension is pursued (See Section 5.1 above), then the Offeror’s research activities are required to directly and substantially address the impact of the three environmental factors and attributes described below on their technical approach and/or to include substantive investigations and research efforts against them.

· If any of the other four Data Dimensions are pursued (See Sections 5.2 through 5.5), then the Offeror’s research activities must be compatible with these same three environmental factors and attributes.  Any direct and substantive investigation or research effort involving one or more of them is a definite plus.

6.1 Scalability to Handle Exploding Volumes of Data

All of the approaches, methods, architectures, algorithms and techniques that are incorporated into these emerging and evolving advanced QA systems must be scalable to ever growing, massive data volumes and must have the potential to be periodically re-optimized for efficient ("real" time) execution or response time against these ever expanding data sets. No matter how sophisticated its underlying technology, a QA system that takes an inordinate length of time to respond to a given question will find little acceptance among analysts who are under constant and critical time pressures.  The potential efficiency of a proposed approach within a QA environment will be a key factor in evaluating the long-term value of a proposed line of research. Unfortunately there is no upper limit in the foreseeable future for the magnitude of the data sets that the ultimate QA system will need to access. Over the course of the AQUAINT Program, we anticipate the need for these emerging and evolving advanced QA systems to scale up to handle massive data sources of multiple petabyte size.

6.2 Ability to Analyze and Synthesize Information across Multiple 'Documents'

Increasingly questions posed to these emerging and evolving QA systems and their associated answers will require cross "document" analysis since most answers will not be found in a single “document” from a single media and expressed in a common language and genre. As a result these systems must be increasingly capable of coherently fusing together information extracted from scattered heterogeneous data sources and of reliably inferring new information or relationships between sub elements of data extracted across many distinct documents and other data objects.  Such questions and their underlying data sources pose difficult research problems. The fusion of information from different documents and from different sources often relies on complex inferential processes.

6.3 Ability to Handle Extreme Data Situations

These emerging and evolving QA systems must be able to recognize the occurrence of either of two extreme data situations and then to effectively and efficiently deal with them.

· No or inconclusive "relevant" data exists within the data sources available and accessible by the QA System -- i.e. too little "relevant" data. 

· In this case the advanced QA system must be able to efficiently and effectively recognize when all or some important portion of the data necessary to answer the question has not been located. The ultimate Advanced QA system, at a minimum, needs to recognize when it cannot find or does not know the answer to the original question.

· Overlapping and/or contradictory "relevant" data has been extracted from the available data sources; i.e. too much "relevant" data. 

· This case arises from the obvious observation that it is likely that multiple retrieved "documents"  (or information objects) were originally created during different time periods; using different sources; for different purposes, end uses, and consumers; at varying levels of details, specificity and sophistication and were originally captured in decidedly different media. Also the truthfulness (accuracy) and reliability of the "relevant" data extracted from these "documents" (or information objects) can vary all over the map.  In addition, data transformation processes (e.g. OCR'ing document images or the automatic transcription of speech) as well as the extraction processes used to locate, extract, and possibly reformat the "relevant" data introduce their own level of errors and inaccuracies.  And finally in the case of language-based data, these retrieved "documents" may be written or spoken using different styles, formats, languages, and cultural backgrounds.  In fact these multiple "documents" may have little in common except for the fact that they each contain some piece of information that appears to be "relevant" to the question at hand.  These document differences and variations will ultimately require the advanced QA system to deal efficiently and effectively, at a minimum, with data items that contain the same information expressed in decidedly different ways, are near duplicates but with notable contradictions, are unreliable or errorful to some degree, or are dependent upon the time sequence of their original creation.

7 Other Considerations for Phase I

7.1 Availability of Data Sources and Creation of Related Question and Answer Sessions

ARDA anticipates that some data will be identified, obtained and appropriately annotated to support the AQUAINT Program.  However, ARDA does not anticipate providing any Government-furnished, newly obtained, and/or annotated data along with appropriately related question and answer sessions until the second year of Phase I (at the earliest). During the interim, each Offeror will be required to proceed with their proposed research objectives and schedule using data sources that they are able to secure and annotate themselves.

Some widely available data sources for research purposes do exist as part of the Text REtrieval Conferences (TREC) at NIST (in part sponsored by ARDA) and through membership in the Linguistic Data Consortium (LDC) at the University of Pennsylvania. Other appropriate data sources may be known and available to individual Offerors.

7.2 Program-level Workshops

ARDA intends to hold a Program-level Kickoff Workshop during the first month of Phase I and then hold Program-level workshops approximately every 6 months.  These workshops will focus on technical aspects of the program, on program-level evaluation and data issues, and on facilitating open technical exchanges, interaction, and sharing between the various program participants. 

7.3 Role of System Integration and of a Government Developed Testbed Environment

ARDA's AQUAINT Program has an operational problem focus rather than just a technological advancement focus.  As a direct result of this operational problem focus, ARDA and its AQUAINT Program Committee, with technical advice and support from a separately solicited and procured system integration contractor, will throughout the entire duration of the AQUAINT Program be reviewing and evaluating each of the program's projects for components, subsystems, and full-systems that could be successfully integrated and/or combined in ways that will demonstrate even greater potential for application against existing operational problems across a broad spectrum within the Intelligence Community. ARDA and the AQUAINT Program Committee intend to use the results of these on-going integration efforts for a wide variety of purposes to include, but not limited, to the following:

· Capability demonstrations using open source questions and data;

· Performing end-to-end, large scale evaluations of the effectiveness and added efficiency of a combined, integrated QA system in a controlled environment;

· Early, operational prototypes designed to solicit feedback from real, operational users, attempting to find meaningful answers to real operational questions;

· Identify potential, operational spin-offs that are ready for larger scale, technology insertion; and 

· Provide additional insights into the successes and failures of the AQUAINT Program so that subsequent phases can be meaningfully steered by the AQUAINT Program Committee in directions that have the potential for higher payoffs.

ARDA's system integrator, in concert with government researchers and technologists from ARDA, the AQUAINT Program Committee, and/or the sponsoring Intelligence Community agencies, will work directly with the AQUAINT contractors to identify software components that would be desirable for integration, to produce appropriate API's and other integration standards/conditions, and to resolve problems resulting during the integration process.  ARDA does not view this integration process as a one-shot operation.  Rather, ARDA fully anticipates that this testbed development process will be a continuous, fully integrated component of the AQUAINT Program over its entire life and will actually result in the creation of a series of robust prototype advanced QA systems that will over-time incorporate ever increasing functionality and capabilities as they emerge from the research components of the AQUAINT Program.  In fact it is envisioned that a situation where multiple variants of a particular robust prototype in this series might be created and then tested and evaluated against different analytic environments and application domains found in different organizations within the AQUAINT Program's sponsoring Intelligence Community agencies.

The system integration tasks identified above will be performed in both unclassified and classified testbed environments. 

The AQUAINT Program as described in herein is clearly and completely an advanced R&D Program.  The importance of the separate, yet tightly coupled, system integration, robust prototype development and testbed evaluation activities described above is that the AQUAINT Program is seeking to produce much more than just significant research results and advancement.  The ultimate success of the AQUAINT Program will be the degree to which major research advances can be quickly, widely, and effectively transitioned into practical solutions to multiple, critically important Intelligence Community operational problems.

APPENDIX A: Conceptual Description of an Advanced QA System for the Skilled Professional Analyst

A.1
Introduction

The AQUAINT Program is seeking to advance the development of basic components and functional capabilities required to provide users an effective means of posing questions of the types illustrated in the multiple scenarios contained in Appendix C. In all of these scenarios, a sequence of answers, all related to a given context needed to be derived from large heterogeneous information repositories, knowledge bases and other structured databases and meaningful answers returned in a reasonable amount of time. 

Many of the important aspects of the component areas and functional capabilities that the AQUAINT Program will be investigating have been captured in a single diagram (Diagram A-1) and are briefly described in the following subparagraphs of this Section.
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Diagram A-1: An Advanced QA System for the Skilled Professional Analyst: A Vision

A.2
Question Understanding and Interpretation

The AQUAINT Program seeks to develop algorithms and methods that are capable of determining what an analyst is asking, interacting with the user, if necessary, to refine and clarify the context of the question. The analyst must be able to pose his or her questions in a manner that is natural to the analysts and pertinent to both the question(s) being asked and the context in which he or she is currently working. Feedback of question interpretation should reassure the analyst that the question is properly understood and to possibly assist in creating additional and/or related questions. An analyst needs to be able to describe their information in all or in part by providing exemplars of the type of information that he or she is seeking or not seeking. "I'm looking for more information of this type and in this format but not like this."  This supplemental, relevant/non-relevant information may be in a structured format, or in its unstructured, raw form.  Because an analyst does not typically ask a single question in isolation, maintaining the context of the questioner's line of reasoning across multiple QA sessions is essential. It would be extremely helpful if one analyst's questions and the corresponding answers could be cited to another analyst following a similar line of reasoning on a related topic.  The questions other analysts have asked would be most beneficial to junior analysts and when analysts are working in collaboration on a critical problem. 

A second aspect of this component, is the system's automatic generation of one or more queries based upon the system's understanding and interpretation of the analyst's question(s).  This capability implies that the system is aware of all the different potential data sources where relevant information could be found and of the nature of their contents and is knowledgeable about how best to formulate queries for these data sources.  The formulation of these queries might be optionally augmented and enhanced by technical input obtained from structured knowledge bases and other technical databases that the system is aware of but whose detailed information may not be known by the analyst.  For example, when querying a specific data source, it may be important to use some obscure identification number(s) that is directly linked to the relevant information being sought from that source.  In additional it might be valuable for the system to use all or part of previously successful queries submitted by other analysts when asking similar questions in the past, to incorporate highly related information that is obtained directly from other on-line resources (technical databases, working aids, etc.) created and maintained by other analysts (possibly without the knowledge of the analyst who posed the current question), or to automatically establish and sustain a collaborative work environment between multiple analysts involved in previously separate, isolated QA sessions on closely related topics in order to share and benefit from each other’s knowledge, background, experience and insights.

And finally in addition to passing along the system produced queries to the next component of the QA system ("Determine the Answer"), the system must pass only to this component the context in which the question has been posed and an appropriately structured and formatted answer sought.

A.3
Determine the Answer

Today, reasonably sophisticated knowledge bases are emerging, most focused on a specific domain. These along with the traditional structured databases contain a vast amount of information. All this is in addition to enormous volumes of unstructured and uncataloged text, speech, video, image, multi-media, geospatial, technical and other abstract data. The AQUAINT Program is seeking innovative approaches to distilling the answers to user's questions from these vast reservoirs of information. Somehow, we must transform this information into knowledge. 

QA systems must be able to accept the potentially multiple queries generated by the preceding component ("Question Understanding and Interpretation") and make the final selection of which specific data sources will be queried and to attach appropriate priorities and operational weighting to them.  For example, if the question and answer context indicate that all or most of the desired information is immediately available in an accessible, highly reliable, knowledge base (KB) or structured technical database, then the system would chose to query these latter data sources with a specific KB or SQL-type query rather than initiating a wider search using one or more information retrieval engines and appropriately translated, source specific queries against potentially multiple unstructured data sources.  In either case, this portion of the second component of the QA system must succeed in either extracting Relevant "Knowledge" from narrowly focused, highly structured data sources or in first retrieving multiple ranked lists of potentially relevant "documents" from multiple heterogeneous, unstructured data sources and then merging these lists into a single ranked list of relevant "documents" or both.

In either or both cases the QA systems must be able to extract relevant information from multiple data sources, to synthesize answers from this extracted information, and to explain to users how an answer was derived.  Advanced data retrieval, extraction, and understanding technology will be needed to allow QA systems to locate the answers to a question within appropriate sources for all the types of data outlined above, then to elicit relevant information from the retrieved "documents" and data objects, and finally to understand and interpret this extracted information and to combine it with other knowledge sources in preparation of generating the expected answers for return to the user. The challenge will be significantly greater when components of an answer reside in different data sources and must be fused into a coherent response by the system.  Finally, it will be important for the system to explain or justify its answer to the user, particularly when the answer was derived by a complex chain of inference that the user will want to review and validate.  Special challenges will arise when contradictory evidence is found in different sources, when the system must recognize that all or part of the required information is not fully or partially available, and when the original question and the desired answer require the system to propose conclusions or to generate inferences based upon the relevant information that has been extracted. In the first case, the user or the system itself will have to weigh the credibility of these different sources against one another; in the second, the system must recognize its deficient condition and must avoid the temptation of offering up an erroneous answer; and finally in the third, the system must possess significantly enhanced and advanced reasoning capabilities.  All of this extraction, analysis, de-conflicting, synthesis, and fusion must be done within the originally established question and answer context.

A.4
Formulate and Present the Answer

QA systems must be able to present answers in an integrated and summarized fashion and in a form and structure that is coherent, natural, and directly responsive to the user's question. Merely providing one or more lists of potentially relevant documents, images, recordings or multi-media data objects, even if key passages/elements are highlighted will become increasingly unacceptable as the AQUAINT Program evolves. This means that the advanced QA systems envisioned by the AQUAINT Program must go well beyond the simple technique (emphasized in TREC's QA track) of returning a small chunk of text which "contains" the answer.  Material drawn from a source document may need to be rephrased to respond to the question directly, as would occur in human conversation.  This will be extremely critical when an answer is assembled or inferred from multiple sources and where there is no single “chunk of text” that can be mechanically fetched and returned to the user.

As has been the case throughout, the process of formulating and generating an answer must be accomplished within the context of the original question and of the desired answer.  It is likely that when a proposed answer has been generated and presented to the analyst, the analyst will provide direct and tangible feedback related to the content, scope and structure of the answer.  In turn, this feedback might only require the system to restructure the current answer’s content into a format that meets the analyst’s expectations or to generate a refinement of the original queries that would in turn spawn a supplemental search/retrieval/extraction of additional relevant information from the available data sources or to result in additional efforts at extracting, analyzing, de-conflicting, synthesizing, and fusing of already retrieved relevant information.  This process might require multiple iterations before a final, acceptable answer has been generated and accepted by the analyst.

A.5
A Final Observation not Captured by the QA System Diagram

We close with a final, yet critical observation that is not captured by Diagram A-1.  This diagram only attempts to depict the process flow for a single Question & Answer. Rather the AQUAINT Program intends to address a scenario in which multiple, inter-related questions are asked in a particular topic area by a skilled, professional information analyst who is attempting to respond to larger, complex information needs or requirements.  As a result the QA system that is envisioned by the AQUAINT Program is one that retains all of the important context, lessons learned, what succeeded, what failed, what the analyst liked and didn't like that occurred while the depicted question was interpreted and an answer successfully generated.  The QA system must retain, evolve and appropriately use this growing context as it responds to subsequent Questions & Answers within the current and future scenarios.
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� The selected, multiple data sources would be a subset of a highly heterogeneous collection consisting of a large number of diverse data sources of all sizes and types.  See Section 3.3 for more details on this heterogeneous collection.


� A low-density foreign language is a language with few readily available linguistic and language processing resources (e.g. parsers, morphological analyzers, etc.).
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