JAVELIN: Justification-based Answer Valuation through Language Interpretation
Project Summary
The main scientific tenets underlying JAVELIN are:

· QA as Planning. Question Answering is a complex multi-faceted task, where question type, information availability, analyst needs, and NLP sophistication of QA modules all combine dynamically to determine the optimal QA strategy. We propose a general glass-box planning infrastructure to combine analysis modules, information sources, analyst discourse and answer synthesis as needed for each question/answer interaction. Multiple languages and source-types (text, HTML, DBs, KBs, etc.) are integrally supported. 

· Universal Auditability. Every step (from question analysis to multi-source retrieval to information evaluation and fusion to answer generation) creates and updates a detailed set of labeled dependencies that form a traceable network of reasoning steps. This dependency network provides the basis for refinement dialogs, efficient recomputation and refocusing, reason maintenance, analyst-driven knowledge auditability, and machine learning of question answering subtasks and control strategies. The dependency labels form repositories of dynamically updated information such as: source trustworthiness, algorithmic analysis/inference methods, expected contribution to answer, current utility estimate, analyst feedback, etc. 

· Utility-based Information Fusion.  Any item of information can be assigned a value representing its utility to the analyst  with respect to task context and question. The utility value can be used to rank the possible answers in a manner inspired by Maximal Marginal Relevance. Essentially all information items (facts, links, inferred relations, etc.) in consideration for fusion into an answer may be ranked in utility to the analyst as a function of: a) relevance to the requested information;  b) novelty (likelihood that the analyst does not already know it); c) veracity (of source) and support for the answer; d) source diversity (analyst may want contrasting or reinforcing views); e) comprehensibility of information by the analyst ; and f) expected cost (e.g. time) for the analyst to assimilate the information.

Thus for a complex question such as What are the consequences of the Sudanese civil war?, the system must evaluate whether the analyst already knows about the de-facto division of Sudan into North and South, and if so focus on other consequences such as mass starvation, refugees, religious repression, etc. Moreover, the question is open-ended, so a cost-benefit tradeoff must be made with respect to how much detailed information to present the analyst - e.g. interactively presenting the main consequences, permitting him or her initiate interactive strategy refinement. These principles are incorporated into the end-to-end JAVELIN system, which includes the following main components (see Figure 1):

1. Question Analyzer. This module parses each question, assigning it appropriate question and answer type(s), and represents the question as a semantic request object, conducting clarification dialogues with the analyst when necessary. 

2. Retrieval Strategist. This module refines the request object, if necessary, using facet retrieval techniques, and then map the request onto the appropriate set of queries for document and/or database retrieval. This module also performs the actual task of querying and retrieval, producing a set of retrieved documents, passages or records from a relational database. 

3. Request Filler. This module compares each retrieved document, passage or record to the original request object, in an attempt to create a request fill indicating the particular answer content provided. 


Figure 1: JAVELIN Modules and Control Flow.

4. Answer Generator. This module analyzes the request fills, performing appropriate clustering, summarization, etc. as well as actual generation of the final answer text (which may require translation, if multilingual information sources were accessed).

5. Session Architecture. The above-mentioned modules are integrated using a flexible, extensible object-oriented architecture, which separates the details of individual operators (e.g., taggers, parsers) from the context(s) in which they are used. The architecture will support multiple strategies for each QA module, with support for separate control knowledge, so that the system can adjust its operation when necessary during processing. The architecture will also support component-level evaluation, so that competing strategies and operators can be compared in terms of various performance criteria.

For Phase I of AQUAINT, we expect to create a working, end-to-end system that allows questioning in English against sources in English, Chinese and Japanese. In Year 1, we intend to focus on developing the individual modules of the system, plus support for universal auditability. Year 2 will focus on system integration and evaluation within the Session Architecture. Both years will witness periodic evaluation and continued refinement of the underlying scientific methods.

Current Status

JAVELIN was officially started in November of 2001, and fully staffed by the end of December 2001. The basic end-to-end architecture shown in Figure 1 has been implemented, and we are in the process of testing the system on data from past TREC QA Track evaluations. We are simultaneously working to integrate the Planner component with the end-to-end system. We have begun to work on evaluation strategies for JAVELIN, and will participate in the LREC ’02 workshop on evaluation resources for QA
.

The JAVELIN modules are loosely integrated using predetermined XML inputs and outputs. Each module accepts and produces XML-formatted text strings as input and output. Modules are implemented as separate networked servers, which communicate with the Execution Manager via TCP/IP sockets. The Execution Manager stores and retrieves persistent objects from the Repository, which is implemented as a SQL Server, and shields the individual modules from the complexity of the Repository. The Execution Manager is based on prior technology from the IIM System
. The Retrieval Strategist is currently based on the Inquery indexing and retrieval system
. The Planner module is based on prior work on planning and information retrieval at CMU
. The other modules are being built more or less from scratch, using some pre-existing low-level technologies developed at CMU (e.g. dictionaries, parsing, etc.).

We have developed a testing infrastructure that supports nightly batch tests of the entire system. For each test, the results, scores, and a detailed log are produced and posted on the web. An email summary is also sent to each developer on the team. We have found that constant testing and rapid dissemination of results helped us to localize and resolve integration issues quickly once the initial modules were constructed. We are still in the process of building coverage for the entire range of question types in the TREC QA track test set, so we don’t yet have comprehensive test results we can publish.

We have constructed a basic user interface that allows the analyst to type in a question and set various operating parameters for the system (time available, utility threshold for acceptable answers, etc.).

Short-Term Goals

Our short-term goals include:

· Complete coverage of the question types covered in the TREC QA evaluation

· Integrate the Planner with the end-to-end QA system

· Acquire and integrate Japanese and Chinese resources

Longer-Term Tasks

Our longer-term tasks include:

· Support for interactive dialog

· Ability to re-run past questions with modifications

· Support for answer justification

· Support for end-user Repository search

· Ablation studies with the Planner

· Parameter variation students with the Planner

· Support for additional question types

· Multilingual question answering
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