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METHOD AND APPARATUS FOR DERVING 
LOGICAL RELATIONS FROM LINGUISTIC 
RELATIONS WITH MULTIPLE RELEVANCE 

RANKING STRATEGIES FOR 
INFORMATION RETRIEVAL 

BACKGROUND OF THE INVENTION 

The present invention relates to information retrieval. In 
particular, the present invention relates to using logical 
forms in information retrieval. 

Information retrieval systems have been developed to 
help users Search through vast collections of documents to 
find a set of documents that are relevant to a Search query. 
Initial information retrieval Systems relied on the Search 
query being in the form of a Boolean expression with 
keywords of the query linked together by Boolean operators. 
However, such Boolean expressions are difficult to formu 
late and require a level of expertise that is beyond most 
USCS. 

Eventually, information retrieval Systems were developed 
that allowed users to enter queries as natural language 
Statements. In general, there are two types of natural lan 
guage Systems. The first type identifies words in the user's 
query and Searches for these words in a word index. Docu 
ments that match these words are ranked and returned based, 
for example, on the frequency with which the terms appear 
in the documents. 

In a Second type of natural language System, Semantic 
parsers are used to identify a Semantic Structure of both 
documents and queries, known as a logical form. Logical 
forms are used to construct an indeX representing the Seman 
tic Structure of Sentences in the documents of the collection. 
Documents that match the logical form of the query are 
returned to the user. An example of Such a System is shown 
in U.S. Pat. No. 5,933,822, issued to the assignee of the 
present application on Aug. 3, 1999, and entitled “APPA 
RATUS AND METHODS FOR AN INFORMATION 
RETRIEVAL SYSTEM THAT EMPLOYS NATURAL 
LANGUAGE PROCESSING OF SEARCH RESULTS TO 
IMPROVE OVERALL PRECISION. 

The performance of information retrieval Systems is 
assessed in terms of recall and precision. Recall measures 
how well the information retrieval system performs in 
locating all of the documents in the collection that are 
relevant. A System that returns all of the documents in a 
collection has perfect recall. Precision measures the Systems 
ability to Select only documents that are relevant. Thus, a 
System that returns all of the documents in a collection has 
poor precision because it returns a large number of docu 
ments that are irrelevant. 

Although retrieval Systems that use logical forms gener 
ally have improved precision over keyword-based Searches, 
there is an ongoing need for improved precision in infor 
mation retrieval. 

SUMMARY OF THE INVENTION 

A method and apparatus are provided for improving the 
precision of information retrieval Systems that use logical 
form Searching techniques. Under one embodiment of the 
invention, Several logical form triples, which represent 
Selected portions of the logical form, are produced from the 
user's query and are combined together by restrictive logical 
operators to generate a compound logical form query. A 
Search is then performed to find documents that meet the 
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2 
requirements Set by the compound logical form query. In 
other embodiments, results generated by a logical form 
Search are intersected with results from a word Search to 
form a more precise Set of results. 

In further embodiments of the invention, three pairs of 
Search results are interSected with each other to form three 
sets of final results. These final results are then ranked based 
on the techniques used to form their constituent result pairs. 
In one particular embodiment, results of an important word 
Search are combined with the results of a compound logical 
form query to form a first Set of final results. A Second Set 
of final results are formed by interSecting the important word 
Search results with the results of a Standard logical form 
triple search. The second set of final results are further 
intersected with the results of an ordinary word Search to 
form a third set of final results. The three sets of final results 
are then ordered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a general computing envi 
ronment in which the present invention may be practiced. 

FIG. 2 is a block diagram of a mobile device in which the 
present invention may be practiced. 

FIG. 3 is a generalized block diagram of an information 
retrieval System. 

FIG. 4 is a block diagram of an information retrieval 
System that utilizes compound logical form queries. 

FIG. 5 is a flow diagram of a method for using compound 
logical form queries. 

FIG. 6 is a flow diagram of a method of forming com 
pound logical form queries. 

FIG. 7 is a block diagram of an information retrieval 
System that forms both logical form Search results and 
word-based Search results. 

FIG. 8 is a block diagram showing the intersection of 
logical form Search results and word-based Search results. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

FIG. 1 illustrates an example of a Suitable computing 
system environment 100 on which the invention may be 
implemented. The computing system environment 100 is 
only one example of a Suitable computing environment and 
is not intended to Suggest any limitation as to the Scope of 
use or functionality of the invention. Neither should the 
computing environment 100 be interpreted as having any 
dependency or requirement relating to any one or combina 
tion of components illustrated in the exemplary operating 
environment 100. 

The invention is operational with numerous other general 
purpose or Special purpose computing System environments 
or configurations. Examples of well known computing 
Systems, environments, and/or configurations that may be 
Suitable for use with the invention include, but are not 
limited to, personal computers, Server computers, hand-held 
or laptop devices, multiprocessor Systems, microprocessor 
based Systems, Set top boxes, programmable consumer 
electronics, network PCs, minicomputers, mainframe 
computers, distributed computing environments that include 
any of the above Systems or devices, and the like. 
The invention may be described in the general context of 

computer-executable instructions, Such as program modules, 
being executed by a computer. Generally, program modules 
include routines, programs, objects, components, data 
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Structures, etc. that perform particular tasks or implement 
particular abstract data types. The invention may also be 
practiced in distributed computing environments where 
tasks are performed by remote processing devices that are 
linked through a communications network. In a distributed 
computing environment, program modules may be located 
in both local and remote computer Storage media including 
memory Storage devices. 

With reference to FIG. 1, an exemplary system for imple 
menting the invention includes a general-purpose computing 
device in the form of a computer 110. Components of 
computer 110 may include, but are not limited to, a pro 
cessing unit 120, a System memory 130, and a System bus 
121 that couples various System components including the 
System memory to the processing unit 120. The System bus 
121 may be any of Several types of bus Structures including 
a memory bus or memory controller, a peripheral bus, and a 
local bus using any of a variety of bus architectures. By way 
of example, and not limitation, Such architectures include 
Industry Standard Architecture (ISA) bus, Micro Channel 
Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video 
Electronics Standards Association (VESA) local bus, and 
Peripheral Component Interconnect (PCI) bus also known as 
Mezzanine bus. 

Computer 110 typically includes a variety of computer 
readable media. Computer readable media can be any avail 
able media that can be accessed by computer 110 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By way of example, and not 
limitation, computer readable media may comprise com 
puter Storage media and communication media. Computer 
Storage media includes both volatile and nonvolatile, remov 
able and non-removable media implemented in any method 
or technology for Storage of information Such as computer 
readable instructions, data structures, program modules or 
other data. Computer Storage media includes, but is not 
limited to, RAM, ROM, EEPROM, flash memory or other 
memory technology, CD-ROM, digital versatile disks 
(DVD) or other optical disk storage, magnetic cassettes, 
magnetic tape, magnetic disk Storage or other magnetic 
Storage devices, or any other medium which can be used to 
Store the desired information and which can be accessed by 
computer 100. 

Communication media typically embodies computer 
readable instructions, data structures, program modules or 
other data in a modulated data Signal Such as a carrier wave 
or other transport mechanism and includes any information 
delivery media. The term "modulated data Signal” means a 
Signal that has one or more of its characteristics Set or 
changed in Such a manner as to encode information in the 
Signal. By way of example, and not limitation, communi 
cation media includes wired media Such as a wired network 
or direct-wired connection, and wireleSS media Such as 
acoustic, FR, infrared and other wireleSS media. Combina 
tions of any of the above should also be included within the 
Scope of computer readable media. 

The System memory 130 includes computer Storage media 
in the form of volatile and/or nonvolatile memory such as 
read only memory (ROM) 131 and random access memory 
(RAM) 132. A basic input/output system 133 (BIOS), con 
taining the basic routines that help to transfer information 
between elements within computer 110, Such as during 
start-up, is typically stored in ROM 131. RAM 132 typically 
contains data and/or program modules that are immediately 
accessible to and/or presently being operated on by proceSS 
ing unit 120. By way of example, and not limitation, FIG. 1 
illustrates operating System 134, application programs 135, 
other program modules 136, and program data 137. 
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4 
The computer 110 may also include other removable/non 

removable volatile/nonvolatile computer Storage media. By 
way of example only, FIG. 1 illustrates a hard disk drive 141 
that reads from or writes to non-removable, nonvolatile 
magnetic media, a magnetic disk drive 151 that reads from 
or writes to a removable, nonvolatile magnetic disk 152, and 
an optical disk drive 155 that reads from or writes to a 
removable, nonvolatile optical disk 156 Such as a CD ROM 
or other optical media. Other removable/non-removable, 
Volatile/nonvolatile computer Storage media that can be used 
in the exemplary operating environment include, but are not 
limited to, magnetic tape cassettes, flash memory cards, 
digital versatile disks, digital Video tape, Solid State RAM, 
Solid state ROM, and the like. The hard disk drive 141 is 
typically connected to the System buS 121 through a non 
removable memory interface such as interface 140, and 
magnetic disk drive 151 and optical disk drive 155 are 
typically connected to the system bus 121 by a removable 
memory interface, such as interface 150. 
The drives and their associated computer Storage media 

discussed above and illustrated in FIG. 1, provide storage of 
computer readable instructions, data Structures, program 
modules and other data for the computer 110. In FIG. 1, for 
example, hard disk drive 141 is illustrated as Storing oper 
ating System 144, application programs 145, other program 
modules 146, and program data 147. Note that these com 
ponents can either be the same as or different from operating 
System 134, application programs 135, other program mod 
ules 136, and program data 137. Operating system 144, 
application programs 145, other program modules 146, and 
program data 147 are given different numbers here to 
illustrate that, at a minimum, they are different copies. 
A user may enter commands and information into the 

computer 110 through input devices such as a keyboard 162, 
a microphone 163, and a pointing device 161, Such as a 
mouse, trackball or touch pad. Other input devices (not 
shown) may include a joystick, game pad, Satellite dish, 
Scanner, or the like. These and other input devices are often 
connected to the processing unit 120 through a user input 
interface 160 that is coupled to the system bus, but may be 
connected by other interface and bus structures, Such as a 
parallel port, game port or a universal Serial bus (USB). A 
monitor 191 or other type of display device is also connected 
to the System buS 121 via an interface, Such as a video 
interface 190. In addition to the monitor, computers may 
also include other peripheral output devices Such as Speakers 
197 and printer 196, which may be connected through an 
output peripheral interface 190. 
The computer 110 may operate in a networked environ 

ment using logical connections to one or more remote 
computers, Such as a remote computer 180. The remote 
computer 180 may be a personal computer, a hand-held 
device, a Server, a router, a network PC, a peer device or 
other common network node, and typically includes many or 
all of the elements described above relative to the computer 
110. The logical connections depicted in FIG. 1 include a 
local area network (LAN) 171 and a wide area network 
(WAN) 173, but may also include other networks. Such 
networking environments are commonplace in offices, 
enterprise-wide computer networks, intranets and the Inter 
net. 

When used in a LAN networking environment, the com 
puter 110 is connected to the LAN 171 through a network 
interface or adapter 170. When used in a WAN networking 
environment, the computer 110 typically includes a modem 
172 or other means for establishing communications over 
the WAN 173, such as the Internet. The modem 172, which 
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may be internal or external, may be connected to the System 
bus 121 via the user input interface 160, or other appropriate 
mechanism. In a networked environment, program modules 
depicted relative to the computer 110, or portions thereof, 
may be Stored in the remote memory Storage device. By way 
of example, and not limitation, FIG. 1 illustrates remote 
application programs 185 as residing on remote computer 
180. It will be appreciated that the network connections 
shown are exemplary and other means of establishing a 
communications link between the computerS may be used. 

FIG. 2 is a block diagram of a mobile device 200, which 
is an exemplary computing environment. Mobile device 200 
includes a microprocessor 202, memory 204, input/output 
(I/O) components 206, and a communication interface 208 
for communicating with remote computers or other mobile 
devices. In one embodiment, the afore-mentioned compo 
nents are coupled for communication with one another over 
a Suitable bus 210. 

Memory 204 is implemented as non-volatile electronic 
memory Such as random access memory (RAM) with a 
battery back-up module (not shown) Such that information 
stored in memory 204 is not lost when the general power to 
mobile device 200 is shut down. A portion of memory 204 
is preferably allocated as addressable memory for program 
execution, while another portion of memory 204 is prefer 
ably used for Storage, Such as to Simulate Storage on a disk 
drive. 
Memory 204 includes an operating System 212, applica 

tion programs 214 as well as an object Store 216. During 
operation, operating System 212 is preferably executed by 
processor 202 from memory 204. Operating system 212, in 
one preferred embodiment, is a WINDOWS(R) CE brand 
operating System commercially available from MicroSoft 
Corporation. Operating System 212 is preferably designed 
for mobile devices, and implements database features that 
can be utilized by applications 214 through a set of exposed 
application programming interfaces and methods. The 
objects in object Store 216 are maintained by applications 
214 and operating System 212, at least partially in response 
to calls to the exposed application programming interfaces 
and methods. 

Communication interface 208 represents numerous 
devices and technologies that allow mobile device 200 to 
Send and receive information. The devices include wired and 
wireleSS modems, Satellite receivers and broadcast tuners to 
name a few. Mobile device 200 can also be directly con 
nected to a computer to exchange data there with. In Such 
cases, communication interface 208 can be an infrared 
transceiver or a Serial or parallel communication connection, 
all of which are capable of transmitting Streaming informa 
tion. 

Input/output components 206 include a variety of input 
devices Such as a touch-Sensitive Screen, buttons, rollers, 
and a microphone as well as a variety of output devices 
including an audio generator, a vibrating device, and a 
display. The devices listed above are by way of example and 
need not all be present on mobile device 200. In addition, 
other input/output devices may be attached to or found with 
mobile device 200 within the scope of the present invention. 

FIG. 3 provides a generalized block diagram of an infor 
mation retrieval (IR) system 300 of the present invention. In 
IR system 300, a user query 302 is provided to a search 
controller 304, which searches an index 306 of a document 
collection 308 to find documents that match the user's query. 
The techniques of the present invention for identifying these 
matching documents are discussed further below. A list of 
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6 
the matching documents or portion of the matching docu 
ments are returned to the user in a set of results 310. 

Under one embodiment of the present invention, Search 
controller 304 creates a compound logical form query 
(compound LFT query) from the user's search query when 
the user's query qualifies for the production of Such a 
compound LFT query. The compound LFT query consists of 
logical form triples connected by restrictive Boolean and/or 
proximity operators. At least one of the operators requires 
that two logical form triples appear in the Same document in 
order for the document to be included in the set of results. 

FIGS. 4 and 5 provide a block diagram and a flow diagram 
that describe a technique for formulating and using com 
pound LFT queries from a user query. At step 500 of FIG. 
5, a user query 400 is analyzed using natural language 
analysis 402 to produce a Semantic structure Such as a 
logical form. From this logical form Structure, compound 
logical form constructor 404 Selects a Set of logical form 
triples, which each represent a Sub-graph of the entire logical 
form Structure and are of the form term 1-logical relation 
term2. For example, the following triples can be extracted 
from the logical form of the sentence “Nixon visited China 
in 1972: 

Visit-LogicalSubject-Nixon 
Visit-Logical Object-China 
Visit-TimeAt-1972. 

Thus, in this example, “Nixon' is the logical subject of the 
verb “Visit” and “China” is the logical object of the verb 
“Visit”. The “TimeAt” logical relation means “the time at 
which’. 

At step 502, compound constructor 404 uses the logical 
form triples and information in a lexicon 406 to build a 
compound LFT query. This compound LFT query uses 
restrictive operators such as AND and NEAR as well as 
non-restrictive operatorS Such as OR to connect the logical 
form triples. The decision as to which logical form triples to 
include and which restrictive operators to use involves many 
factors which are discussed in detail further below in con 
nection with the flow diagram of FIG. 6. 
The compound LFT query formed by constructor 404 is 

provided to a search engine 408. At step 504, search engine 
408 searches through a logical form triple index 410 to 
identify documents that meet the restrictions of the com 
pound LFT query. In one embodiment, index 410 is an 
inverted index that indexes logical form triples found in 
documents in a document collection 412. The triples in the 
documents are identified by passing each Sentence in docu 
ment collection 412 through natural language analysis 402 
to produce a logical form. Each logical form is then passed 
through a logical form triple constructor 414 to identify a Set 
of logical form triples, which are then stored in index 410. 

In one particular embodiment, each logical form triple is 
Stored as a Single String in the indeX So that Search engine 
408 is able to search a single field when looking for 
matching logical form triples. The conversion to a single 
String is performed So that the String is compatible with the 
rules of the indexing System. For example, if Semicolons are 
not permitted in the indexing System, they must be repre 
Sented by another character in the Single String. Also, if the 
indexing System uses a keyword Stemmer, a Suffix character 
can be added to the end of the String to prevent it from being 
modified by the stemmer. Note that these details are par 
ticular to the indexing System and are not required by all 
embodiments of the present invention. 

Each document that matches the requirements of the 
compound LFT query is placed in a set of results 416. In 
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alternative embodiments, index 410 indicates a particular 
paragraph or Section of the document that meets the Search 
criteria. In Such embodiments, the paragraph or Section may 
be placed in the Set of results along with or in place of the 
citation to the matching document. 

FIG. 6 is a flow diagram of the details of step 502 of FIG. 
5 showing how compound LFT queries are formed under 
one embodiment of the present invention. 

In step 600 of FIG. 6, the query is examined to determine 
if it can be categorized into a query type. In particular, the 
query is examined to See if it contains certain key terms or 
phrases such as “When”, “Where”, “How many”, or “Who”, 
which are each asSociated with a separate query type. In 
general, the query type indicates the type of answer that the 
user wants in response to their query. For example, a query 
that includes the keyword “When” indicates that the user 
wants a date or time to be returned in the Search results. 

In Step 602, if a query type is identified, it is used to 
generate a logical form triple that explicitly States the 
Semantic type of the query. In particular, the logical form 
triple can indicate that a particular type of information is 
being requested such as a DATE, a NUMBER, an 
AMOUNT, a LOCATION, or a PERSON is being requested. 

For example, for the query “When did Nixon visit 
China?”, a logical form triple expressing a DATE relation is 
created based on the keyword “when”. In particular, a triple 
is formed by linking the date relation “TimeAt” to the verb 
“visit” found in the query. This results in the logical form 
triple visit-TimeAt-DATE. 
At Step 604, additional candidate logical form triples are 

extracted from the logical form constructed by natural 
language analysis 402. In most embodiments, the candidate 
logical form triples should include those that derive from 
Strong linguistic relationships Such as Subject or object. 
At step 606, the identified logical form triples are 

weighted based on their linguistic type and certain properties 
of the words linked to the triples. In particular, the logical 
form triples are weighted based on how restrictive the 
logical form triple is when applied to the index. In other 
words, the weighting indicates how likely it is that the triple 
will return only relevant documents. Triples that are 
common, and thus would return many non-relevant docu 
ments are given low weights while triples that are relatively 
unique are given high weights. For example, triples with 
words that have “animate” or “concrete” properties, identi 
fied though the lexicon, or triples that include a proper name 
are given a high weight. 

After the weights have been assigned to the logical form 
triples, the weights are Summed to form a total Score for the 
logical form triples at step 608. The total score is compared 
against a threshold at step 610. If the total score is below the 
threshold, the logical form triples are not very restrictive and 
the compound query is formed at Step 612 by applying 
restrictive Boolean operators between each of the logical 
form triples. This will most often occur when a query type 
cannot be identified for the query. For example, a query type 
would not be identified for a query such as “Do birds have 
tongues?” Because of this, a logical form triple will not be 
formed based on the query type leaving only the vague 
triples of: 

have-subject-bird 
have-object-tongue 
Linking these triples with a default OR will match all 

documents containing information on any animals having 
tongues (e.g. cats have tongues, dogs have tongues, etc.) as 
well as on document Sentences containing phrases Such as 
"birds have wings, birds have beaks, etc. Thus, a more 
restrictive operator is Selected when the Overall Score for the 
triples is low. 
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8 
In most embodiments, the restrictive operators include the 

Boolean operator AND, which requires two logical form 
triples to appear in the same document, and the proximity 
operator NEAR, which requires that the logical form triples 
appear within Some distance of each other within a docu 
ment. Because the NEAR operator has more requirements 
for the logical form triples, it is more restrictive than the 
AND operator. In many embodiments, the distance associ 
ated with NEAR can be set to provide better control of how 
restrictive the compound LFT query is. 

Because the NEAR operator is more restrictive than the 
AND operator, a decision must be made as to which restric 
tive operator to apply between the logical form triples. 
Under one embodiment, the restrictive operators are Selected 
based on the frequency levels of the logical form triples in 
the document collection. For example, if two logical form 
triples both have high frequency levels in the document 
collection, they are connected by the more restrictive NEAR 
operator. If one or both of the logic form triples does not 
appear frequently in the document collection, Some embodi 
ments of the present invention apply the less restrictive AND 
operator to the triples. Note that in one embodiment, the 
frequencies of the triples are calculated when index 410 is 
formed. 

In Some embodiments of the present invention, the fre 
quencies of Some triples do not have to be determined 
because it can be assumed that these triples appear fre 
quently in the document collection. For example, the nomi 
nal adjective (NAd) triple “average-Nadj-temperature', 
Such as in the query “What is the average temperature in 
Seattle'?”, is not very discriminative because it will match 
with any document that includes the phrase average tem 
perature. AS Such, its frequency does not have to be exam 
ined. Instead, a rule can be associated with all nominal 
adjective triples to require that the triple be combined with 
another triple using a restrictive operator. The relative 
weakness of the triple relation can be used to Set the type 
of restrictive operator, AND or NEAR, to be used. 

In other embodiments high frequency triples or weak 
triple relations cause a rule to execute that identifies addi 
tional logical form triples from the logical form. For 
example, for the weak triple “temperature-Nadi-average', 
an additional triple Such as “temperature-LocAt-Seattle' is 
derived from the logical form to create a compound LFT 
query of "(temperature-Nadi-average AND temperature 
Locat-Seattle).” 

If the total Score for the logical form triples is higher than 
the threshold at step 610, the compound query is built at step 
614 So that the query is not too restrictive. This can be done 
by modifying one or more triples to allow for fuZZy 
matching, using a nonrestrictive operator Such as OR 
between Some of the triples, and/or eliminating Some of the 
triples from the compound LFT query. 

For example, the query “When did the USSR explore 
Venus?” would produce logical form triples that would have 
a combined score that exceeded the threshold because two of 
the triples “explore-object-Venus” and “explore-subject 
USSR' include proper names. Because of this, applying 
restrictive operators between each of the logical form triples, 
thereby forming a compound LFT query Such as (explore 
object-Venus AND explore-subject-USSR AND explore 
TimeAt-DATE), would produce an overly restrictive query 
that would be unlikely to return enough relevant documents. 
To prevent this, step 614 constructs the compound LFT 
query So that it is less restrictive. For example, the logical 
form triple “explore-TmeAt-Date” can be changed to 
“*-TimeAt-Date” to allow for fuzzy matching on the triple. 
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Alternatively, the “TimeAt' triple could be removed from the 
compound LFT query or could be connected to the remain 
ing triples by the non-restrictive operator OR. 

After Step 612 or Step 614, the compound query formation 
continues at step 616 where alternatives to some of the 
logical form triples are added to the compound query. For 
example, using a synonym expansion for the word “visit', 
the compound query (Visit-subject-Nixon AND Visit 
object-China AND Visit-TimeAt-Date) can be expanded to 
((Visit-subject-Nixon OR travel to-subject-Nixon) AND 
(Visit-object-China OR travel to-object-China) AND 
(Visit-TimeAt-Date OR travel to-TimeAt-Date). Note that 
the alternative expressions are linked with the non 
restrictive OR operator. 

Note that not all user queries can be used to form a 
compound LFT query. For instance the user query “What is 
an X-ray?” does not provide enough information to permit 
the formation of a compound LFT query. 

Under one embodiment of the invention, the results 
formed from the compound LFT query are used in a tech 
nique that intersects results from logical form triple Searches 
with results from individual word searches. FIG. 7 shows 
one particular embodiment, wherein the compound LFT 
query results are one of four Sets of results formed from a 
user query 700. 

In FIG. 7, user query 700 is converted into a logical form 
by logical form analysis 702. As in FIG. 4, the logical form 
is used by a compound LFT query constructor 704 to form 
a compound LFT query. The compound query is used by 
search engine 706 to search logical form triple index 708 and 
thereby form compound LFT query results 710. 

The logical form produced by natural language analysis 
702 is also provided to a logical form triple constructor 712, 
which identifies all of the possible logical form triples in the 
logical form. These triples are used by a Search engine 714 
to perform a Standard logical form triple Search. In this 
Standard LFT Search, a nonrestrictive OR operator is placed 
between each logical form triple So that all documents in 
index 708 that contain at least one of the logical form triples 
are found. This search produces a set of standard LFT results 
716. 

User query 700 is also provided to a stop word removal 
unit 718, which removes very common words such as “the’, 
“a”, “is”, “to', etc. The remaining words are provided to a 
search engine 720, which searches for each of the words in 
a word index 722. Typically, word index 722 is an inverted 
indeX in which each word in the indeX points to the docu 
ments in the document collection that contain the word. The 
results of this simple word search appear as word results 724 
in FIG. 7. 

The words produced by stop word removal unit 718 are 
also provided to an important word identifier 726, which 
Searches the words for important words Such as proper 
names, cities, countries, etc., by consulting entries in the 
lexicon. The words identified by important word identifier 
726 are provided to a search engine 728, which searches 
word index 722 for the important words to produce a set of 
important word results 730. 

Under one embodiment of the invention, the portions of 
search engines 706, 714, 728, and 720 that actually search 
the word indeX and the logical form triple indeX are the 
Same. In particular, these Search components Search a single 
field in the indeX to determine if a document contains a 
particular logical form triple or a particular word. 

Under one embodiment of the invention, a set of logical 
form search results, such as standard LFT results 716 or 
compound LFT query results 710, are intersected with a set 
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10 
of word-based search results, such a word results 724 or 
important word results 730, to form a more precise final set 
of results. Thus, the precision of the logical form Search is 
improved by interSecting it with a word-based Search. 

FIG. 8 shows a block diagram of how results can be 
intersected to form more precise filtered results under 
embodiments of the present invention. Note that the inter 
sections shown in FIG. 8 are only examples and that other 
interSections between logical form Searches and word 
Searches are possible under the present invention. 

In FIG. 8, standard LFT results 716 of FIG. 7 are 
intersected with keyword results 730 by an intersection unit 
800 to form a set of filtered Standard LFT results 802. This 
interSection involves Selecting only those documents that 
appear in both standard LFT results 716 and keyword results 
730. Under one embodiment, the top five documents in 
standard LFT query results 716 are intersected with impor 
tant word results 730. 

Filtered standard LFT results 800 can be further refined by 
interSecting them with the top n documents in word results 
724, where n is typically between five and ten (we call “n” 
ranking parameter). This results in further filtered Standard 
LFT results 804, which are produced by intersection unit 
806. 
As shown in FIG. 8, important word results 730 can also 

be intersected with the documents in compound LFT query 
results 710 by an intersection unit 808 to form filtered 
compound LFT results 810. 
Under one embodiment, filtered standard LFT results 802, 

further filtered standard LFT results 804 and filtered com 
pound LFT results 810 are all returned to the user in an 
ordered list. Specifically, filtered compound LFT results 810 
are placed at the top of the list followed by further filtered 
standard LFT results 804 and then filtered standard LFT 
results 802. Note that redundant documents are removed 
from further filtered standard LFT results 804 and filtered 
standard LFT results 802 before those results are added to 
the list. 

Although the present invention has been described with 
reference to particular embodiments, workers skilled in the 
art will recognize that changes may be made in form and 
detail without departing from the Spirit and Scope of the 
invention. 
What is claimed is: 
1. A method of retrieving information from a document 

collection, the method comprising: 
generating a compound logical form query from a user 

query, the compound logical form query having at least 
two logical form triples connected by a restrictive 
Operator, 

applying the compound logical form query to a logical 
form triple index of a document collection to form a Set 
of logic-based Search results, 

generating a word query based on words in the user query; 
applying the word query to a word index of the document 

collection to form a set of word-based Search results; 
interSecting the logic-based Search results with the word 

based Search results to form a Set of filtered compound 
results; 

generating a Standard logical form triple query by con 
necting a set of logical form triples with non-restrictive 
operators, 

applying the Standard logical form triple query to the 
logical form triple index of the document collection to 
form a Second set of logic-based Search results; 

interSecting the word-based Search results with the Second 
Set of logic-based Search results to form a Set of filtered 
Standard results, and 
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returning the filtered compound results and the filtered 
standard results to the user with the filtered compound 
results ranked higher than the filtered Standard results. 

2. The method of claim 1 wherein generating a compound 
logical form query comprises: 

determining the restrictiveness of a set of logical form 
triples identified from the user query; and 

combining logical form triples So as to limit the restric 
tiveness of the compound logical form query formed 
from the Set of logical form triples. 

3. The method of claim 1 wherein generating a word 
query comprises identifying important words in the user 
query and placing the important words in the word query. 

4. The method of claim 1 further comprising: 
generating a Second word query based on words in the 

user query, 

applying the Second word query to the word indeX to form 
a Second Set of word-based Search results, and 

interSecting the Second Set of word-based Search results 
with the filtered standard results to form further filtered 
Standard results. 

5. The method of claim 4 further comprising returning the 
filtered compound results, the further filtered standard 
results and the filtered standard results to the user with the 
filtered compound results ranked above the further filtered 
standard results and the further filtered standard results 
ranked above the filtered standard results. 

6. A computer-readable medium having computer 
executable instructions for performing information retrieval 
Steps comprising: 

performing a logic-based search of a document collection 
using logical form triples created from a user query to 
create logic-based Search results, performing the logic 
based Search comprising forming a compound logical 
form query by identifying at least two logical form 
triples from the user query and connecting at least two 
of the logical form triples with a restrictive operator, 
and using the compound logical form query to Search 
the document collection; 

performing a word-based Search of the document collec 
tion using words taken from the user query to create 
word-based Search results, 
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interSecting the logic-based Search results and the word 

based Search results to form filtered Search results; 
performing a Standard logic-based Search of the document 

collection by identifying at least two logical form 
triples from the user query, connecting each of the 
identified logical form triples together using non 
restrictive operators to form a Standard logical form 
triple query, and Searching the document collection 
using the Standard logical form triple query to form 
Standard logic-based Search results; 

interSecting the Standard logic-based Search results with 
the word-based search results to form filtered standard 
Search results, and 

returning the filtered Search results and the filtered Stan 
dard search results to the user with the filtered search 

results ranked higher than the filtered Standard Search 
results. 

7. The computer-readable medium of claim 6 wherein 
performing a word-based Search comprises identifying 
important words in the user query and using only the 
important words in the word-based Search. 

8. The computer-readable medium of claim 6 wherein the 
information retrieval Steps further comprise: 

performing a Second word-based Search of the document 
collection to form Second word-based Search results, 
and 

interSecting the Second word-based Search results with the 
filtered Standard Search results to form further filtered 
Standard Search results. 

9. The computer-readable medium of claim 8 wherein the 
information retrieval Steps further comprise returning the 
filtered Search results, the filtered Standard Search results, 
and the further filtered standard search results to the user 
with the filtered search results ranked higher than the further 
filtered standard search results and the further filtered stan 
dard Search results ranked higher than the filtered Standard 
Search results. 


