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1 Overview

In this early phase of the project, BBN completed the following tasks:

· Annotation of answer types in a substantial text training corpus (the UPenn Treebank),

· Retraining of the IdentiFinderTM namefinder for those answer types,

· Annotation of question types,

· Implementation of a trainable question classifier to detect the desired answer type, and

· Preliminary work on propositions as a more complex representation of text and questions.

2 Approach

Our goal is to interpret all source documents and questions, not merely as bags of words (the current dominant representation), but as entities and relations, a deeper representation which is dominant in databases and knowledge bases.  Based on a new standard developed under the ACE (Automatic Content Extraction) program, entities are neither words nor names, but rather represent the underlying person, organization, facility, geo-political unit, or location described.  For instance, the same entity may be described as George W. Bush, President Bush, Gov. Bush, the former governor of Texas, etc. depending on the author, source, and time of the report.  This entity is distinct from his father who is described variously as George Bush, President Bush, the former president, etc.  In this level of analysis, all names and descriptions of entities across documents and sources will be connected.  This will allow automatic correlation of all information about each entity and automatic update of the database profiles of the entities by what is being reported/said about them.  .

A new standard for (shallow) semantic representation (propositions) has also emerged from ACE.  Propositions capture the relations in text independent of the syntactic structure of the input but retain all the terminology of the original.  Extracting the propositions in text (and in questions and answers) will support a much deeper level of analysis connecting the relations expressed in multiple sources.  

3 Technical Progress

3.1 Answer Entity Annotation

We have annotated the million-word Treebank corpus of Wall Street Journal data according to the answer types and subtypes appearing in the table below.  After a complete pass of single annotation, some additional consistency checking was done using a tool that searched automatically for cases where the same word had been annotated with different tags, some of which represented mistakes in the initial annotation.

	Category
	Subcategory

	Person

	

	Quantity
	1d, 2d, 3d, Energy, Temperature, Weight, Speed, Acceleration, Other 

	Money

	

	Percent
	

	Organization
	Corporation, Educational, Political, Hotel, Government, Hospital, Religious, Museum, Other

	Product-Name
	Vehicle, Other, Weapon

	Facility

	Building, Attraction, Bridge, Airport, Highway-street, Other

	Disease

	

	“Governed-Region”
	Country, City, State_Province, Other

	Work-of-Art
	Book, Song, Play, Painting, Sculpture, Other

	Date

	Date, Duration, Age, Other

	Event
	Hurricane, War, Other

	Time
	

	Language
	

	“People type”
	Nationality, Religion, Political, Other

	Location-Name
	River, Continent, Lake-Sea-Ocean, Region, Lat-Lon, Border, Other 

	Substance
	Chemical, Drug, Food, Nuclear, Other

	Cardinal
	

	Ordinal
	

	Game
	

	Contact Info
	Address, Phone, email, url


	Animal

	

	Plant
	

	Law
	


3.2 Retraining of IdentiFinderTM
IdentiFinder has been retrained on these types/subtypes.  Preliminary analysis suggests that performance is adequate.  As TREC moves to more recent sources, we may add more recent sources as training. 

3.3 Question Type Annotation

We have now annotated the questions of TREC-8, -9, and –10 by question categories, which include the types in the table above, plus the categories Reason, Definition, Use, Biography, Cause-Effect-Influence, and Other.  As evident from the histogram below, the dominant question categories in the first three TRECs were the names of people, locations, and countries/states/cities; along with definitions, they clearly dominate all other categories.
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3.4 Question Classification

We designed and implemented a trainable question classification module and trained it using the sample questions and answers discussed above.  Performance of the algorithm should improve as we find additional questions and annotate them by type.  Clearly, 1000 questions is relatively little, given the richness of the vocabulary and given how inexpensive annotation of question types is.

3.5 Deeper Representation:  Proposition Recognition and Entity Detection & Tracking 

Training data for proposition recognition is not due to be released from the University of Pennsylvania until 30 June.  Though a strategy for recognizing propositions has been identified, experiments await the training data.  Entity detection and tracking is available through the ACE program.

We ran the parsing algorithm over the full TREC corpus to verify that indexing a substantial corpus by proposition recognition and entity tracking is feasible.

4 Summary

There are four key algorithms in our approach to question answering: question classification, name extraction, entity detection & tracking, and proposition recognition.  Trainable algorithms and training data are now available for the first three of these components.  The first training data for proposition recognition should be available by the end of June.  Because our key algorithms are trainable, we believe that the techniques will also apply to other languages by simply creating the appropriate training data.

Our next milestone is participation in the TREC 2002 question answering track, followed by participation in the AQUAINT pilot evaluations.
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		ENTITY		TREC 8		TREC9		TREC10		SUBTYPE-TOTAL		TYPE-TOTAL				ENTITY		TREC 8		TREC9 without variants		TREC10		SUBTYPE-TOTAL		TYPE-TOTAL				ENTITY		TREC 8		TREC9 without variants		TREC10		SUBTYPE-TOTAL		TYPE-TOTAL				ENTITY		TREC 8		TREC9 without variants		TREC10		SUBTYPE-TOTAL		TYPE-TOTAL				ENTITY		TYPE-TOTAL

																																																										Person		222

		Person		54		114		54		222		222				Person		54		101		54		209		222				Person		54		101		54		209		222				Person		54		101		54		209		222				Quantity		70

																														1d		5		9		17		31																				Money		22

		Person-Desc														Person-Desc														2d		1		2		0		3						Person-Desc														Percent		8

																														3d		0		0		0		0																				Organization		66

		Quantity										70				Quantity										70				Other		3		1		0		4						Quantity										70				Organization-Desc		2

		1d		5		9		17		31						1d		5		9		17		31						Energy		1		0		0		1						1d		5		9		17		31						Product-Name		16

		2d		1		2		0		3						2d		1		2		0		3						Temperature		0		2		7		9						2d		1		2		0		3						Product-Desc		5

		3d		0		0		0		0						3d		0		0		0		0						Weight		0		3		8		14						3d		0		0		0		0						Facility		30

		Other		3		1		0		4						Other		3		1		0		4						Speed		0		2		6		8						Other		3		1		0		4						Disease		9

		Energy		1		0		0		1						Energy		1		0		0		1						Acceleration		0		0		0		0						Energy		1		0		0		1						Reason		7

		Temperature		0		2		7		9						Temperature		0		2		7		9						Money		7		6		9		22		22				Temperature		0		2		7		9						GPE		194

		Weight		0		6		8		14						Weight		0		3		8		14						Percent		2		1		5		8		8				Weight		0		3		8		14						GPE-Desc		0

		Speed		0		2		6		8						Speed		0		2		6		8						Corporation		6		20		4		30						Speed		0		2		6		8						Work-of-Art		20

		Acceleration		0		0		0		0						Acceleration		0		0		0		0						Other		2		10		2		14						Acceleration		0		0		0		0						Date		168

																														Educational		0		4		1		7																				Event		4

		Money		7		6		9		22		22				Money		7		6		9		22		22				Political		0		1		0		1						Money		7		6		9		22		22				Time		1

																														Hotel		0		1		0		1																				Language		11

		Percent		2		1		5		8		8				Percent		2		1		5		8		8				Government		0		1		1		2						Percent		2		1		5		8		8				Nationality		11

																														Hospital		0		0		0		0																				Location-Name		46

		Organization										66				Organization										66				Religious		0		0		0		0						Organization										66				Definition		217

		Corporation		6		25		4		35						Corporation		6		20		4		30						Museum		0		0		0		0						Corporation		6		20		4		30						Use		5

		Other		2		16		2		20						Other		2		10		2		14						Corporation		0		0		0		0						Other		2		10		2		14						Other		59

		Educational		0		6		1		7						Educational		0		4		1		7						Other		0		2		0		2						Educational		0		4		1		7						Cardinal		63

		Political		0		1		0		1						Political		0		1		0		1						Educational		0		0		0		0						Political		0		1		0		1						Ordinal		0

		Hotel		0		1		0		1						Hotel		0		1		0		1						Political		0		0		0		0						Hotel		0		1		0		1						Game		3

		Government		0		1		1		2						Government		0		1		1		2						Hotel		0		0		0		0						Government		0		1		1		2						Contact Info		4

		Hospital		0		0		0		0						Hospital		0		0		0		0						Government		0		0		0		0						Hospital		0		0		0		0						Animal		39

		Religious		0		0		0		0						Religious		0		0		0		0						Hospital		0		0		0		0						Religious		0		0		0		0						Plant		9

		Museum		0		0		0		0						Museum		0		0		0		0						Museum		0		0		0		0						Museum		0		0		0		0						Bio		41

																														Religious		0		0		0		0																				Cause-Effect-Influence		7

		Organization-Desc										2				Organization-Desc										2				Vehicle		1		5		3		9						Organization-Desc										2				Law		0

		Corporation		0		0		0		0						Corporation		0		0		0		0						Other		1		3		0		7						Corporation		0		0		0		0								1359

		Other		0		2		0		2						Other		0		2		0		2						Weapon		0		0		0		0						Other		0		2		0		2

		Educational		0		0		0		0						Educational		0		0		0		0																				Educational		0		0		0		0

		Political		0		0		0		0						Political		0		0		0		0						Product-Desc										5				Political		0		0		0		0

		Hotel		0		0		0		0						Hotel		0		0		0		0						Vehicle		2		0		0		2						Hotel		0		0		0		0

		Government		0		0		0		0						Government		0		0		0		0						Other		1		2		0		3						Government		0		0		0		0

		Hospital		0		0		0		0						Hospital		0		0		0		0						Weapon		0		0		0		0						Hospital		0		0		0		0

		Museum		0		0		0		0						Museum		0		0		0		0																				Museum		0		0		0		0

		Religious		0		0		0		0						Religious		0		0		0		0						Facility(ambig)		1		0		0		1		30				Religious		0		0		0		0

																														Building		2		1		3		6

		Product-Name										16				Product-Name										16				Other		0		4		6		10						Product-Name										16

		Vehicle		1		5		3		9						Vehicle		1		5		3		9						Attraction		0		3		2		11						Vehicle		1		5		3		9

		Other		1		6		0		7						Other		1		3		0		7						Bridge		0		0		1		1						Other		1		3		0		7

		Weapon		0		0		0		0						Weapon		0		0		0		0						Airport		0		1		0		1						Weapon		0		0		0		0

																														Highway-street		0		0		0		0

		Product-Desc										5				Product-Desc										5																		Product-Desc										5

		Vehicle		2		0		0		2						Vehicle		2		0		0		2						Fac-desc														Vehicle		2		0		0		2

		Other		1		2		0		3						Other		1		2		0		3						Building		0		0		0		0		1				Other		1		2		0		3

		Weapon		0		0		0		0						Weapon		0		0		0		0						Other		0		0		0		0						Weapon		0		0		0		0

																														Attraction		0		0		0		0

		Facility(ambig)		1		0		0		1		30				Facility(ambig)		1		0		0		1		30				Bridge		0		1		0		1						Facility(ambig)		1		0		0		1		30

		Building		2		1		3		6						Building		2		1		3		6						Airport		0		0		0		0						Building		2		1		3		6

		Other		0		4		6		10						Other		0		4		6		10						Highway-street		0		0		0		0						Other		0		4		6		10

		Attraction		0		9		2		11						Attraction		0		3		2		11																				Attraction		0		3		2		11

		Bridge		0		0		1		1						Bridge		0		0		1		1						Disease		4		5		0		9		9				Bridge		0		0		1		1

		Airport		0		1		0		1						Airport		0		1		0		1																				Airport		0		1		0		1

		Highway-street		0		0		0		0						Highway-street		0		0		0		0						Reason		2		1		4		7		7				Highway-street		0		0		0		0

		Fac-desc														Fac-desc														GPE(ambig)		15		53		23		91		194				Fac-desc

		Building		0		0		0		0		1				Building		0		0		0		0		1				Country		4		7		4		15						Building		0		0		0		0		1

		Other		0		0		0		0						Other		0		0		0		0						City		12		15		15		42						Other		0		0		0		0

		Attraction		0		0		0		0						Attraction		0		0		0		0						State_Province		1		13		7		21						Attraction		0		0		0		0

		Bridge		0		1		0		1						Bridge		0		1		0		1						Gpe other		0		0		2		2						Bridge		0		1		0		1

		Airport		0		0		0		0						Airport		0		0		0		0																				Airport		0		0		0		0

		Highway-street		0		0		0		0						Highway-street		0		0		0		0						GPE-Desc										0				Highway-street		0		0		0		0

																														Country		0		0		0		0

		Disease		4		5		0		9		9				Disease		4		5		0		9		9				City		0		0		0		0						Disease		4		5		0		9		9

																														State_Province		0		0		0		0

		Reason		2		1		4		7		7				Reason		2		1		4		7		7				Gpe-desc-other		0		0		0		0						Reason		2		1		4		7		7

		GPE(ambig)		15		61		23		99		194				GPE(ambig)		15		53		23		91		194																		GPE(ambig)		15		53		23		91		194

		Country		4		7		4		15						Country		4		7		4		15						Work-of-Art										20				Country		4		7		4		15

		City		12		26		15		53						City		12		15		15		42						Book		1		3		0		4						City		12		15		15		42

		State_Province		1		17		7		25						State_Province		1		13		7		21						Song		1		1		0		2						State_Province		1		13		7		21

		Gpe other		0		0		2		2						Gpe other		0		0		2		2						Play		1		0		0		1						Gpe other		0		0		2		2

																														Other		1		7		0		12

		GPE-Desc										0				GPE-Desc										0				Painting		0		1		0		1						GPE-Desc										0

		Country		0		0		0		0						Country		0		0		0		0						Sculpture		0		0		0		0						Country		0		0		0		0

		City		0		0		0		0						City		0		0		0		0																				City		0		0		0		0

		State_Province		0		0		0		0						State_Province		0		0		0		0						Date										168				State_Province		0		0		0		0

		Gpe-desc-other		0		0		0		0						Gpe-desc-other		0		0		0		0						Date		23		59		47		129						Gpe-desc-other		0		0		0		0

																														Duration		3		6		6		15

																														Age		1		1		4		6

		Work-of-Art										20				Work-of-Art										20				Other		0		0		0		0						Work-of-Art										20

		Book		1		3		0		4						Book		1		3		0		4																				Book		1		3		0		4

		Song		1		1		0		2						Song		1		1		0		2						Event										4				Song		1		1		0		2

		Play		1		0		0		1						Play		1		0		0		1						Hurricane		1		0		0		1						Play		1		0		0		1

		Other		1		11		0		12						Other		1		7		0		12						Other		1		0		0		1						Other		1		7		0		12

		Painting		0		1		0		1						Painting		0		1		0		1						War		0		1		1		2						Painting		0		1		0		1

		Sculpture		0		0		0		0						Sculpture		0		0		0		0																				Sculpture		0		0		0		0

																														Time		1		0		0		1		1

		Date										168				Date										168																		Date										168

		Date		23		74		47		144						Date		23		59		47		129						Language		1		6		2		11		11				Date		23		59		47		129

		Duration		3		9		6		18						Duration		3		6		6		15																				Duration		3		6		6		15

		Age		1		1		4		6						Age		1		1		4		6						Nationality										11				Age		1		1		4		6

		Other		0		0		0		0						Other		0		0		0		0						Nationality		1		7		0		11						Other		0		0		0		0

																														Religion		0		0		0		0

		Event										4				Event										4				Political		0		0		0		0						Event										4

		Hurricane		1		0		0		1						Hurricane		1		0		0		1						Other		0		0		0		0						Hurricane		1		0		0		1

		Other		1		0		0		1						Other		1		0		0		1																				Other		1		0		0		1

		War		0		1		1		2						War		0		1		1		2						Location-Name(ambig)		2		3		3		8		46				War		0		1		1		2

																														River		1		1		4		6

		Time		1		0		0		1		1				Time		1		0		0		1		1				Other		4		6		11		24						Time		1		0		0		1		1

																														Continent		0		2		2		4

		Language		1		8		2		11		11				Language		1		6		2		11		11				Lake-Sea-Ocean		0		1		2		3						Language		1		6		2		11		11

																														Region		0		1		0		1

		Nationality										11				Nationality										11				Lat-Lon														Nationality										11

		Nationality		1		10		0		11						Nationality		1		7		0		11						Border														Nationality		1		7		0		11

		Religion		0		0		0		0						Religion		0		0		0		0																				Religion		0		0		0		0

		Political		0		0		0		0						Political		0		0		0		0						Definition		7		56		140		203		217				Political		0		0		0		0

		Other		0		0		0		0						Other		0		0		0		0																				Other		0		0		0		0

																														Substance
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