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Automatic question answering system
The article describes architecture of a question answering system developed by the authors. The system is intended to answer to arbitrary user questions in English and represents a generation of intellectual search engines. On indexing stage the system builds a searchable database from a set of documents provided by a user. A linguistic processor is used to analyze the documents: they are passed through stages of tokenization, sentence segmentation, part-of-speech tagging, syntactical and semantic analysis. The extracted semantic information is stored in the database in a structured form. After that it is possible to ask questions. Each question is analyzed using the linguistic processor and the database is searched for relevant answers. The answers are then sorted by relevance and shown to the user. The question answering system is available commercially in forms of SDK and client-server solution for Windows and Linux platforms.

Introduction

 The modern world is the world of information. The amount of information grows exponentially and the problem of managing it became more and more important. This includes such challenges as information retrieval (IR), classification, clusterization, summarization, etc., where information retrieval (or information search) is the most essential and requested task. Partially it is solved by contemporary keyword-based search engines such as Google, Yahoo, MSN and the like. However a more powerful approach is provided by so-called question answering systems (QAS), which make use of natural language processing (NLP) techniques and provide direct answers to user queries. Some of known QAS include Ask (www.ask.com) and Brain Boost (www.brainboost.com). This article describes architecture and main principles of Intellexer automatic question answering system (www.intellexer.com).
Architecture

There are two stages in the work cycle of QAS. The first stage is indexing. Indexing is a process of creating a database from a set of documents provided by a user. These may be web pages, articles, patents, FAQ pages, company documentation, etc. The system takes documents and analyses them using NLP modules: Linguistic Processor and Extractor (see Fig. 1). 
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Fig. 1. Indexing

Linguistic Processor [1] is the most important component of the system that performs parsing of text and forms semantic trees. Each tree represents semantic relationships between elements of a sentence. Extractor converts trees to linear structures (terms and pairs) more suitable for indexing, and Indexer module stores them in the database. The created database will be used on the second stage: answering. Answering includes analysis of a user question using the NLP modules and then searching for relevant answers using Searcher module. Fig. 2 illustrates the answering process.
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Fig. 2. Answering

Semantic analysis

The main component of the QAS is Linguistic Processor which performs semantic analysis of the text and provides structured information about sentences in the form of parsing trees.  Linguistic Processor consists of several sub-modules, each of those perform certain steps of linguistic processing. These include text preformatting, tokenization, sentence segmentation, part-of-speech tagging [2], syntactical and semantic analysis [3]. Linguistic processor is used both on the stages of indexing and answering. Figs. 3 and 4 illustrate trees built for a declarative and interrogative sentences. Nodes of trees are words connected with arcs which represent semantic relations between words. During the answering stage system tends to find in the database the answer trees that contain subtrees the most similar to the question tree. For some types of questions (e.g. who, which, when) question trees contain a special node called focus. When comparing a question and an answer it is used to locate the node in the answer tree that matches the interrogative pronoun from the question. In our examples the node that matches the focus “Who” is “lippershey”.
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Fig. 3. Semantic tree for a declarative sentence
Legend: Operation – root node, MV- main verb, NH – nominal head, AUX – auxiliary verb tag, VB – verb tag, NN – noun tag, DT – determiner tag, CD – cardinal number tag, X – empty tag, V-S – verb-subject relation, V-O – verb-object relation, ADVP-TEMP – adverbial modifier of time, AT-numeric – numeric modifier, unknown – uncategorized modifier (empty dependency), arcs with no labels also represent empty dependencies
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Fig. 4. Semantic tree for a interrogative sentence
Legend: Operation – root node, MV- main verb, NH – nominal head, VB – verb tag, NN – noun tag, WP – wh-pronoun tag, QUEST-WHO – “who” question relation, V-O – verb-object relation, V-S – verb-subject relation, focus – marker for an interrogative pronoun.

Extraction

In order to be efficiently indexed parsing trees are splitted into terms and pairs. Every node of a tree forms a term with a weight assigned. The weight represents importance of the term: e.g. terms created from nominal heads (NH) have the highest weight, while terms created from auxiliary verbs are weighted as 0. A pair is a combination of two nodes with a dependency between them. For example, invent – V-O – telescope. Pairs also have weights that determine their importance. The highest weight is assigned to pairs with V-S (verb-subject) or V-O (verb-object) dependencies. The lowest weight is set for pairs with AUX (auxiliary verb) or MD (modal verb) dependencies. We also generate half-pairs, where one of nodes is empty. They are created from normal pairs. For example, pairs * – V-O – telescope, invent – V-O – *  are created from invent – V-O – telescope (asterisks represent empty fields). Also for some pairs (e.g. containing dependencies AT-numeric, ADVP-TEMP) we generate their duplicates with empty dependency and assign lower weight to them. These pairs are used for approximate matching.

In that way Extractor module converts semantic trees into terms and pairs. The following terms and pairs are extracted for the tree at Fig. 4. Terms: invent, telescope; pairs: invent – V-O – telescope, invent – V-S – *. The following terms and pairs are extracted for the tree at Fig. 3. Terms: invent, lippershey, hans, telescope, first, refracting, DATE, 1608. Pairs: invent – V-S – *, * - V-S – lippershey, invent - V-S – lippershey, lippershey – * – *, * – * – hans, lippershey – * – hans, invent – V-O – *, * – V-O – telescope, invent – V-O – telescope, telescope – AT-numeric – *, * – AT-numeric – first, telescope – AT-numeric – first, telescope – * – *, * – 0 – first, telescope – * – first, telescope – * – *, * – * – refracting, telescope – * – refracting, invent – ADVP-TEMP – *, * – ADVP-TEMP – DATE, invent – ADVP-TEMP – DATE, invent – * – *, * – * – DATE, invent – * – DATE, DATE – * – *, * – * – 1608, DATE – * – 1608. Asterisk * represents an empty field or empty dependency.
Indexing

During indexing extracted terms and pairs are stored in a database along with references to original sentences. The following indexes are built: Term2SentIDs – term to list of sentence numbers where the term is present, Pair2SentIDs – pair to list of sentence numbers where the pair is present, and SentID2SentText – sentence number to sentence text. Also indexes storing auxiliary data (references to documents, document information) are created: SentID2DocID – sentence number to document number and DocID2DocInfo – document number to document information (URL, size, etc.).
Answering

After indexing the database is ready for answering. During this process a question is passed to Linguistic Processor and a semantic parsing tree is built. Then additional processing is applied. Using the parsing tree the question is splitted to a set of smaller alternative questions (if possible). For example, the question “Do red or green apples exist?” will be splitted to two parts: “Do red apples exist?” and “Do green apples exist?”. Each alternative is then processed separately, but at the end received results for all alternatives are combined. It should be noted however that most questions does not have alternatives (i.e. have only one alternative). Example at Fig. 4 is such single-alternative question. Each alternative in multi-alternative question has a corresponding sub-tree in the parsing tree of the whole question.
Extractor module builds a set of terms and pairs for each alternative. Terms and pairs are searched in Term2SentIDs and Pair2SentIDs indexes and lists of answer sentence numbers where terms and pairs occur are read. Then we combine these lists and determine which answer sentences are the most important. For each sentence we calculate its weight. This is done using count  of matched terms and pairs between an answer and the question, weights of matched terms and pairs in the question and total weight of pairs and terms in the question. The following formula is used:
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where W(A,Q) ( [0,1] – weight of answer A comparing to question Q; k1 and k2 – coefficients of importance of pairs and terms, k1 + k2 = 1. If we set k1 = 1, k2 = 0 then only pairs will be taken into account, but if we set k1 = 0, k2 = 1 this would be a kind of keyword search with stemming. We believe that k1 = 0.87, k2 = 0.13 are good values. PA and PQ are sets of pairs of answer A and question Q correspondingly, TA and TQ – their sets of terms. W(p) and W(t) – weight of pair p and weight of term t in question Q.

After that the list of answer sentences is sorted by weights in descending order and several (e.g. 10 or 20) top answers are shown to the user. Answers with weights lower than a certain threshold (e.g. 0.1) are ignored. Received answers may be divided into few categories. For example, exact answers have weight 1, useful answers are weighted from 0.5 to 1, related answers have weights from 0.1 to 0.5. For the purpose of usability the matched terms and pairs and the focus (if present) are highlighted in the results. Links to original documents are provided as well.

Conclusion

We presented architecture and main principles of Intellexer automatic question answering system. The system consists of natural language processing modules and an indexer which are used to process user documents and store them in a database. Then the user is able to enter queries using natural language. A user question is analyzed, then searched in the database, and as a result a set of relevant answers is provided.
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