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INFORMATION RETRIEVAL UTILIZING SEMANTIC

REPRESENTATION OF TEXT

TECHNICAL FIELD

5 The present invention relates to the field of information retrieval, and,

more specifically, to the field of information retrieval tokenization.

10

BACKGROLIND OF THE INVENTION

Information retrieval refers to the process of identiSing occlilrences in a

target document of words in a query or query document. Information retrieval can be

gainfirlly applied in several situations, including processing explicit user search queries,

identifying documents relating to a particular document, judging the similarities of two

documents, extacting the features of a document, and summarizing a document.

Information refiieval typically involves a two-stage process: (1) In an

indexing stage, a document is initially indexed by (a) converting each word in the

document into a series of characters intelligible to and differentiable by an information

retrieval engine, called a "token" (known as "tokenizing" the document) and

(b) creating an index mapping from each tokw to the location in the document where

the token occurs. (2) In a query phase, a query (or query document) is similarly

tokenized and compared to the index to identify locations in the document at which

tokens in the tokenized query occur.

Figure I is an overview data flow diagram depicting the information

retrieval process. In the indexing stage, a tnget document 111 is submitted to a

tokenizer 112. The target document is comprised of a number of strings, such as

sentences, each occu:ring at a particular location in the target document. The strings in

the target document and their word locations are passed to a tokenizet 120, which

converts the words in each string into a series of tokens that are intelligible to and

distinguishable by an information retrieval engine 130. An index construction portion

131 of the information retrieval engine 130 adds the tokens and their locations to an

index 140. The index maps each unique token to the locations at which it occurs in the

target document. This process may be repeated to add a number of different target

15
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documents to the index, if desired. If the index 140 thus represents the text in a number

of target documents, the location information preferably includes an indication of, for

each location, the document to which the location coresponds.

In the query phase, a textual query 112 is submiued to the tokenizer 120.

5 The query may be a single string, or sentence, or may be an entire document comprised

of a number of strings. The tokenizer 120 converts the words in the text of the query

112 into tokens in the same manner that it converted the words in the target document

into tokens. The tokenizer 120 passes these tokens to an index retrieval portion 132 of

the information retrieval engine 130. The index retrieval portion of the information

10 retrieval engine searches the index 140 for occurrences of the tokens in the target

document. For each of the tokens, the index retrieval portion of the information

retrieval engine identifies the locations at which the token occurs in the target

document. This list of locations is returned as the query result 113.

Conventional tokenizers typically involve superfi cial transformations of

15 the input text, such as changing each upper-case character to lower-case, identiffing the

individual words in the input text, and removing suffixes from the words. For example,

a conventional tokenizer might convert the input text string
'<:5#r''''

The father is holding the baby.

into the following tokens:

.^"-i:,.-: ,. i r..: ..,' .' 
' ,h"

father

25 is

hold

the

baby

20
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3

This approach to tokenization tends to make searches based on it overinclusive of

occunences in which senses of words are different than the intended sense in the query

text. For example, the sample input text string uses the verb "hold" in the sense that

means "to support or grasp." However, the token "hold" could match uses of the word

"hold" that mean "the cargo area of a ship." This approach to tokenization also tends to

be overinclusive of occurrences in which the words relate to each other differently than "

the words in the query text. For example, the sample input text string above, in which
o'father" is the subject of the word "held" and o'baby" is the object, might match the

sentence "The father and the baby held the toy," in which "bfuy" is a subject, not an

object. This approach is further underinclusive of occurrences that use a different, but

semantically related word in place of a word of the query text. For example, the input

text string above would not match the text string "The parent is holding the baby."

Given these disadvantages of conventional toke rization, a tokenizer that .E*"M*IL

semantic relationships implicit in the tokenized text would have significant utility.

SUMMARY OF THE INVENTION

The invention is directed to performing information retrieval using an

improved tokenizer that parses input text to identifi' logical forms, then expands the

logical forms using hypemyms. The invention, when used in conjunction with

conventional information retrieval index construction and querying, reduces the number

of identified occurrences for which different senses were intended and in which words

bear different relationships to each other, and increases the number of identified

occuffences in which different but semantically related terms are used.

The invention overcomes the problems associated with conventional

tokenization by parsing both indexed and query text to perform lexical, syntactic, and

semantic analysis of this input text. This parsing process produces one or more logical

forms, which identiS words that perform primary roles in the query text and their

intended senses, and that further identifu the relationship between those words. The

parser preferably produces logical forms that relate the deep subject, verb, and deep

object of the input text. For example, for the input text "The father is holding the

baby," the parser might produce the following logical form:

#a

ii.
Alat-

i-,a

'c 15
i.-Jt

ilw
irrri
e--ti

ari
'4

20

25

30

;

r --1"
I

Page 8 of 364



_\,.

deep subject

father

verb deep object

hold baby
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The parser fi.rther ascribes to these words the particular senses in which they are used in

the input text.

Using a digital dictionary or thesaurus (also known as a "linguistic

knowledge base") that identifies, for a particular sense of a word, senses of other words

that are generic terms for the sense of the word ("hypernyms"), the invention changes

the words within the logical forms produced by the parser to their hypernyms to create

additional logical forms having an overall meaning that is hypernymous to the meaning

of these original logical forms. For example, based on indications from the dictionary

that a sense of o'parent" is a hypernym of the ascribed sense of "father," a sense of

"touch" is a hypernym of the ascribed sense of "hold," and a sense of o'child" and sense

of "person" are hypernyms of the ascribed sense of "baby," the invention might create

additional logical forms as foliows:

15

deep subiect

parent

father

parent

father

parent

father

parent

father

parent

father

paxent

verb

hold

touch

touch

hold

hold

touch

touch

hold

hold

touch

touch

deep object

baby

baby

baby

I child

child

child

child

person

person

person

person
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5

The invention then transforms all of the generated logical forms into

tokens intelligible by the information retrieval system that compares the tokenized

query to the index, and submits them to the information retrieval system.

5 BRIEF DESCRIPTION OF THE DRAWINGS

Figure I is an overview data flow diagram depicting the information.

retrieval process.

Figure 2 is a highJevel block diagram of the general-purpose computer

system upon which the facility preferably operates.

10 Figure 3 is an overview flow diagram showing the steps preferably
fi
fli] performed by the facility in order to construct and access an index semantically

,i"S

r/& . representing the target documents.
,hird

ffi Figure 4 is a flow diagram showing the tokenize routine used by the
EN

i*i, facility to generate tokens for an input sentence.

;sq 15 Figure 5 is a iogical form diagram showing a sample logical form.

#
fuJ Figure 6 is an input text diagram showing an input text fragment for

il# which the facility would construct the logical form shown in Figure 5.
.|;

-$l Figure 7A is a linguistic knowledge base diagram showing sample

u, hypernym relationships identified by a linguistic knowledge base.

20 Figure 78 is a linguistic knowledge base diagram showing the seiection

of hypernyms of the deep subject of the primary logical form, man (sense 2).

Figure 8 is a linguistic knowledge base diagram showing the selection of

hypemyms of the verb of the primary logical form, kiss (sense 1).

Figures 9 and 10 are linguistic knowledge base diagrams showing the

25 selection of hypernyms of the deep object of the primary logical form, pig (sense 2).

Figure 11 is a logical form diagram showing the expanded logical form.

Figure L2 is achart diagram showing the derivative logical forms created

by permuting the expanded primary logical form.

Figure 13 is an index diagram showing sample contents of the index.

30 Figure 14 is a logical form diagram showing the logical form preferably

constructed by the facility for the query "man kissing horse."

1

! .r' ,;

Page 10 of 364



10

6

Figure 15 shbws the expansion of the primary logical form using

hypernyms.

Figure 16 is a linguistic knowledge base diagram showing the selection

of hypernyms of the deep object of the query logical form, horse (sense 1).

Figure 17 is apartial logical form diagram showing apafiral logical form

corresponding to a partial query containing only a deep subject and a verb.

Figure 18 is a partial logical form diagram showin g apartral logical form

corresponding to a partial query containing only a verb and a deep object.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to performing information retrieval

utilizing semantic representation of text. When used in conjunction with conventional

information retrieval index construction and querying, the invention reduces the number

of identified occurrences for which different senses were intended and in which words

bear different relationships to each other, and increases the number of identified

occurrences in which different but semantically related terms are used.

In a preferred embodiment, the conventional tokenizer shown in Figure 1

is replaced with an improved information retrieval tokenization facility ("the facility")

that parses input text to identify logical forms, then expands the logical forms using

hypernyms. The invention overcomos the problems associated with conventional

tokenization by parsing both indexed and query text to perform lexical, syntactic, and

semantic analysis of this input text. This parsing process produces one or more logical

forms, which identiff words that perform primary roles in the query text and their

intended senses, and that further identifu the relationship between those words. The

parser preferably produces logical forms that relate the deep subject, verb, and deep

object of the input text. For example, for the input text o'The father is holding the

baby," the parser might produce logical form indicating the deep subject is "father," the

verb is oohold," and the deep object is "baby." Because transforming input text into a

logical form distills the input text to its fundamental meaning by eliminating modifiers

and ignoring differences in tense and voice, transforming input text segments into the

logical forms tends to unifr the many different ways that may be used in a natural

15

rii

ri-1t*-\

20

25

30
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7

language to express the same idea. The parser further identifies the particular senses of

these words in which they are used in the input text.

Using a digital dictionary or thesaurus (also known as a "linguistic

knowledge base") that identifies, for a particular sense of a word, senses of other words

that are generic terms for the sense of the word ("hypernyms"), the invention changes

the words within the logical forms produced by the parser to their hypernyms to create

additional logical forms having an overall meaning that is hypemymous to the meaning

of these original logical forms. The invention then transforms all of the generated

logical forms into tokens intelligible by the information retrieval system that compares

the tokenized query to the index, and submits them to the information retrieval system.

Figure 2 is a high-level block diagram of the general-purpose computer

system upon which the facility preferably operates. The computer system 200 contains

a central processing unit (CPU) 210, input/output devices 220, anda computer memory

(memory) 230. Among the input/output devices is a storage device 221, such as a hard

disk drive. The input/output devices also include a computer-readable media drle 222,

r,vhich can be used to install software products, including the facility which are provided

on a computer-readable medium, such as a CD-ROM. The input/output devices further

include an Internet connection 223 enabling the computer system 200 to communicate

with other computer systems via the Internet. The computer programs that preferably

comprise the facility 240 reside in the memory 230 and execute on the CPU 210. The

facility 240 includes a rule-based parser 241 for parsing input text segments to be

tokenized in order to produce logical forms. The facility 240 further includes a

linguistic knowledge base 242 used by the parser to ascribe sense numbers to words in

the logical form. The facility further uses the linguistic knowledge base to identiff

hypemyms of the words in the generated logical forms. The memory 230 preferably

also contains an index 250 for mapping from tokens generated from the target

documents to locations in the target documents. The memory 230 also contains an

information retrieval engine ("IR engine") 260 for storing tokens generated from the

target documents in the index 250, and for identiffing in the index tokens that match

tokens generated from queries. While the facility is preferably implemented on a

rTt

?nd

;"'!j

15

20

25

30
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computer system configured as described above, those skilled in the art wili recognize

that it may also be implemented on computer systems having different configurations.

Figwe 3 is an overview flow diagram showing the steps preferably

performed by the facility in order to construct and access an index semantically

representing the target documents. Briefly, the facility first semantically indexes the

target documents by converting each sentence or sentence fragment of the target

document into a number of tokens representing an expanded logical form portraying the

relationship between the important words in the sentence, including hypernyms having

similar meanings. The facility stores these "semantic tokens" in the index, along with
the location in the target documents where the sentence occurs. After all of the target

documents have been indexed, the facility is able to process information retrieval

queries against the index. For each such query received, the facility tokenizes the text

of the query in the silme way it tokenized. sentences from the target documents -- by
converting the sentence into semantic tokens together representing an expanded logical

form for the query text. The facility then compares these semantic tokens to the

semantic tokens stored in the index to identi$r locations in the target documents for
which these semantic tokens have been stored, and ranks the target documents

containing these semantic tokens in the order of their relevance to the query. The

facility may preferably update the index to include semantic tokens for new tarset

documents at any time.

Refening to Figure 3, in steps 301-304, the facility loops through each

sentence in the target documents. In step 302, the facility invokes a routine to tokenize

the sentence as shown in Figure 4.

Figure 4 is a flow diagram showing the tokenize routine used by the

facility to generate tokens for an input sentence or other input text segment. In step

401, the facility constructs a primary logical form from the input text segment. As

discussed above, a logical form represents the fundamental meaning of a sentenoe or

sentence fragment. The logical forms are produced by applying the parser 241

(Figure 2) to subject the input text segment to a syntactic and semantic parsing process.

For a detailed discussion of the construction of logical forms representing an input text

15

d.--
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ll

;*
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9

string, refer to U.S. Patent Application No. 08/674,610, which is hereby incorporated by

reference.

The logical form used by the facility preferably isolates the principal

verb of the sentence, the noun that is the real subject of the verb ("deep subject") and

the noun that is the real object ofthe verb ("deep object"). Figure 5 is a logical form

diagram showing a sample primary logical form. The logical form has three elements:

a deep subject element 510, a verb elemett 520, and a deep object element 530. It can

be seen that the deep subject of the logical form is sense 2 of the word "man." The

sense number indicates, for words having more than one sense, the particular sense

ascribed to the word by the parser as defined by the linguistic knowledge base used by

the parser. For example, the word "man" could have a first sense meaning to supply

with people and a second sense meaning adult male person. The verb of the logical

form is a first sense of the word "kiss." Finally, the deep object is a second sense of the

word "pig." An abbreviated version of this logical form is an ordered triple 550 having

as its first element the deep subject, as its second element the verb, and as its third

element the deep object:

(man, kiss, pig)

The logical form shown in Figure 5 characterizes a number of different

. sentences and sentence fragments. For example, Figure 6 is an input text diagram

showing an input text segment for which the facility would consffuct the logical form

shown in Figure 5. Figure 6 shows the input text sentence fragment "man kissing a

pig." It can be seen that this phrase occurs at word number 150 of document 5,

occupying word positions 150, 151,152, and 153. When the facility is tokenizing this

input text fragment, it generates the logical form shown in Figure 5. The facility would

also generate the logical form shown in Figure 5 for the following input text segments:

15

i1"*
'*w
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The pig was kissed by an unusual man.

The man will kiss the largest pig.

Many pigs have been kissed by that man.

As discussed above, because transforming input text into a logical form distills the input

text to its fundamental meaning by eliminating modifiers and ignoring differences in "'

tense and voice, transforming input text segments into the logical forms tends to uniry

the many different ways that may be used in a natural language to express the same

idea.

Returning to Figure 4, after the facility has constructed the primary

logical form from the input text, such as the logical form shown in Figure 5, the facility

continues in step 402 to expand this primary logical form using hypernyms. After step

402, the tokenized routine returns.

As mentioned above, a hypernym is a genus term that has an "is a"

relationship with a particular word. For instance, the word "vehicle" is a hypernym of

the word o'automobile." The facility preferably uses a linguistic knowledge base to

identify hypernyms of the words in the primary logical form. Such a linguistic

knowledge base typically contains semantic links identiffing hypernyms of a word.

Figure 7A is a linguistic knowledge base diagram showing sample

hypernym relationships identified by a linguistic knowledge base. It should be noted

that Figure 7A, like the linguistic knowledge base diagrams that follow, has been

simplified to facilitate this discussion, and omits information commonly found in

linguistic knowledge bases that is not directly relevant to the present discussion. Each

ascending affow in Figure 7A connects a word to its hypernym. For example, there is

an uilrow connecting the word man (sense 2) 7tl to the word person (sense l) 7I4,

indieating that person (sense 1) is a hypemym of man (sense 2). Conversely, man (sense

2) is said to be a "hyponym" of person (sense 1).

In identiffing hypernyms with which to expand the primary logical form,

the facility selects one or more hypemyms for each word of the primary logical form

based upon the oocoherency" of the hypemyms' hyponyms. By selecting hypernyms in
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this manner, the facility generalizes the meaning of the logical form beyond the

meaning of the input text segment, but by a controlled amount. For a particular word of

a primary logical form, the facility first selects the immediate hypernym of the word of

the primary logical form. For example, with reference to Figure 7A, starting with man

(sense 2) 7I1 which occurs in the primary logical form, the facility selects its

hypemym, person (sense l) 714. The facility next bases its determination of whether to

also select the hypemym of person (sense l) 714, animal (sense 3) 715, on whether

person (sense 1) 714 has a coherent hyponym set with respect to the starting word man

(sense 2) 7ll. Person (sense I) 7L4 has a coherent hyponym set with respect to man

(sense 2) 7ll if a large number of hyponyms of all senses of the word person other than

the starting word (sens e 2) 7l1 bear at least a threshold level of similarity to the starting

word man (sense 2) 7ll.
In order to determine the level of similarity between the hyponyms of the

different senses of the hypernym, the facility preferably consults the linguistic

knowledge base to obtain similarity weights indicating the degree of similarity between

these word sentences. Figure 78 is a linguistic knowledge base diagram showing

similarity weights between man (sense 2) and other hyponyms of person (sense 1) and

person (sense 5). The diagram shows that the similarity weight between man (sense 2)

and woman (sense 1) is ".0075"; between man (sense 2) and child (sense 1) is ".0029";

between man (sense 2) andviilain (sense 1) is ".0003"; and between man (sense 2) and

lead (sense 7) is ".0002". These similarity weights are preferably calculated by the

linguistic knowledge base based on a network of semantic relations maintained by the

linguistic knowledge base between the word sense pairs. For a detailed discussion of

20
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calculating similarity weights between word sense pairs using a linguistic knowledge

base, refer to U.S. Patent Application No.08ho4,?

eAmO*SZ*i, entitled "DETERMINING SIMILARITY BETWEEN WORDS," which

is hereby incorporated by reference.

In order to determine whether the set of hyponyms is coherent based on

these similarity weights, the facility determines whether a threshold number of the

30 similarity weights exceed a threshold similarity weight. While the preferred threshold
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percentage is 90Yo, the threshold percentage may preferably be adjusted in order to

optimize the performance of the facility. The similarity weight threshold may also be

configured to optimize the performance of the facility. The threshold similarity weight

is preferably coordinated with the overall distribution of similarity weights provided by

the linguistic knowledge base. Here, the use of a tlueshold of ".0015" is shown. The

facility therefore determines whether at least 90o/o of the similarity weights between the

starting word and the other hyponyms of ali of the senses of the hypemym are at or

above the ".0015" threshold similarity weight. It can be seen from Figure 78 that this

condition is not satisfied by the hyponyms of person with respect to man (sense 1):

while the similarity weights between man (sense 1) and woman (sense 1) and between

man (sense 1) and child (sense 1) are greater than ".0015", the similarity weights

between man (sense 1) and villain (sense 1) and between man (sense 1) and lead (sense

7) are less than ".0015". The facility therefore does not select the further hypernym

animal (sense 3) 715, or any hypemyms of animal (sense 3). As a result, only the

hypernym person (sense l) 714 is selected to expand the primary logical form.

To expand a primary logical form, the facility also selects hypernyms of

the verb and deep object of the primary logical form. Figure 8 is a linguistic knowiedge

base diagram showing the selection of hypernyms of the verb of the primary logicai

form, kiss (sense 1). It can be seen from the diagram that touch (sense 2) is the

hypernym of kiss (sense 1). The diagram also shows the similarity weights between

kiss (sense 1) andthe otherhyponyms of all of the senses of touch. The facility first

selects the immediate hyperrrym of the verb of the primary logical form kiss (sense l),

touch (sense 2). To deterlnine whether to select the hypernym of touch (sense 2),

interact (sense 9), the facility determines how many similarity weights between kiss

(sense 1) and the other hyponyms of all of the senses of touch are at least as large as the

threshold sirnilarity weight. Because only two of these four similarity weights ate at

least as largd as the ".0015" threshold similarity weight, the facility does not select the

hypernym oftouch (sense 2),interact (sense 9).

Figures 9 and 10 are linguistic knowledge base diagrams showing the

selection of hypernyms of the deep object of the primary logical form and pig (sense 2).
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It can be seen from Figure 9 that the facility selects the hypemym swine (sense 1) of pig

(sense 2) to expand the primary logical form, as well as the hypernym animal (sense 3)

of swine (sense 1), as more than 90% (in fact, I00o/o) of the hypernyms of the oniy

sense of swine have similarly weights at or about the ".0015" threshold similarity

weight. It can be seen from Figure 10 that the facility does not continue to select the

hypemym organism (sense 1) of animal (sense 3), as fewer thang}Yo (actually 25%) of
the hyponyms of senses of animal have similarity weights at or about the ".0015"

threshold similarity weight.

Figure 11 is a logical form diagram showing the expanded logical form.

It can be seen from Figure 11 that the deep subject element i110 of the expanded

logical form contains the hypernym person (sense 1) lll2 in addition to the word man

(sense 2) 1111. It can be seen that the verb elemerx lI20 contains the hypernym touch

(sense 2) lI22 as well as the word kiss (sense I) 112L Further, it can be seen that the

deep object element 1130 of the expanded logical form contains the hypernyms swine

(sense 1) and animal (sense 3) 1132 in addition to the word pig (sense 2) ll3l.
By permuting, in each element of the expanded logical form, the

hypernyms with the original words, the facility can create a reasonabiy large number of

derivative logical forms that are reasonably close in meaning to the primary logical

form. Figure 12 is a chart diagram showing the derivative logical forms created by

permuting the expanded primary logical form. It can be seen from Figure 12 that this

permutation creates eleven derivative logical forms that each characteize the meaning

of the input text in a reasonably accurate way. For example, the derivative logical form

(rerson, touch, pig)

25

shown in Figure 12 is very close in meaning to the sentence fragment

man kissing a pig
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The expanded logical form shown in Figure 11 represents the primary logical form plus

these eleven derivative logical forms, which are expressed more compactly as expanded

logical form 1200:

((man ORperson), (kiss ORtouch), (pig OR swine OR animal))

The facility generates logical tokens from this expanded logical form in a

manner that allows them to be processed by a conventional information retrieval engine.

First, the facility appends a reserved character to each word in the expanded logical

10 form that identifies whether the word occurred in the input text segment as a deep

subject, verb, or deep object. This ensures that, when the word "man" occurs in the

expanded logical form for a query input text segment as a deep subject, it will not match

the word "man" stored in the index as part of an expanded logical form in which it was

the verb. A sample mapping of reserved characters to logical form elements is as

15 follows:

i

h* !i. _ ,-... ; i
; Ji"
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20

25

logical form element

deep subject

verb

deep object

identitying character

Using this sample mapping of reserved characters, tokens generated for the logical form

"(man, kiss, pig)" would include "man-", 'okissA", and'opig#".

Indices generated by conventional information retrieval engines

commonly map each token to the particular locations in the target documents at which

the token occurs. Conventional information retrieval engines may, for example,

represent such target document locations using a document number, identiffing the

target document containing the occurrence of the token, and a word number, identifying

the position of the occurrence of the token in that target document. Such target

document locations aliow a conventional information retrieval engine to identifu words

\
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that occur together in a target document in response to a query using a "PHRASE"

operator, which requires the words that it joins to be adjacent in the target document.

For example, the query "red PHRASE bicycle" would match occttrrences of "red" at

document 5, word 611 and oobicycle" at document 5, word 612,but would not match

occuffences of "red" at document 7, word 762 and"bicycle" at document 7, wotd 202.

Storing target document locations in an index further allows conventional information

retrieval engines to identiff, in response to a query, the points at which queried tokens

occur in the target documents.

For expanded logical forms from a target document input text segment,

the facility preferably similarly assigns artificial target document locations to each

token, even though the tokens of the expanded logical form do not actually occur in the

target document at these locations. Assigning these target document locations both

(A) enables conventional search engines to identify combinations of semantic tokens

corresponding to a single primary or derivative logical form using the PHRASE

operator, and (B) enables the facility to relate the assigned locations to the actual

location of the input text fragment in the taryet document. The facility therefore assigns

locations to semantic tokens as follows:

15
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(location of 1st word of input
text segment)

(location of lst word of input
text segment) + I

I

(location of 1st word of input
text segment) + 2

20 The facility therefore would assign target document locations as follows for the tokens

of the expanded logical form for "(man, kiss, pig)", derived from a sentence beginning

at document 5, word 150: "man_" and "person_" -- document 5, word 150; "kiss^" arld

"touch^" -- document 5, word 151; and o'pig#"r"sw'ine#", and "animal#" -- document 5,

word 152.

Iloeical form element

deep subject

verb

deep object
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Returning to Figure 3, in step 303, the facility stores the tokens created

by the tokenize routine in the index with locations at which they occur. Figure 13 is an

index diagram showing sample contents of the index. The index maps from each token

to the identity of the document and location in the document at which they occur. It

should be noted that, while the index is shown as a table to more clearly show the,

mappings in the index, the index is actually preferably stored in one of a number of

other forms that support more efficient location of a token in the index, such as in tree

form. Further, the contents of the index are preferably compressed to minimize the size

of the index, using such techniques as prefix compression.

It can be seen that, in accordance with step 303, the facility has stored

mappings in the index 1300 for each of the words in the expanded logical form.

Mappings have been stored in the index from deep subject words "man" and "person"

to the target document location at document number 5, word number 150. Word

number 150 is the word position at which the input text segment shown in Figure 6

begins. It can be seen that the facility has appended the reserved character 'o_" to the

tokens corresponding to the deep subject words. By appending this reserved character,

the facility is able to retrieve, when later searching the index, instances of these words

that occur as the deep subject of a logical form without retrieving occrurence of these

words that occur as verbs or deep objects of a logical form. Similarly, the index

contains tokens for verb words "kiss" and 'otouch." The entries for these verb words

map them to the target document location at document 4umber 5, word number 151,

one word after the target document location of the deep subject words. It can further be

seen that the reserved characier "n" has been appended to the tokens for these verb

words so that this occurrence of these words does not later appear to be an occunence as

a deep subject or deep object element. Likewise, the index contains tokens for the deep

object words "animal," "pig," and "swine," mapping them to the target document

location at document number 5, word number I52, two words past the target document

location at which the phrase begins. The reserved character "#" is appended to the

tokens for the deep object words to identifr them as deep objects in the index. With the

index in the condition shown, the input text fragment shown in Figure 6 can be found

15
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by searching the index for any of the derivative primary logical forms shown in

Figure 12.

In a preferred embodiment in which the facility stores both a mapping of

the words literally occurring in the target documents to their actual locations of the

target documents and the semantic representation of the target documents in the same

index, the word number values for each semantic token of the semantic representation is

preferably incremented by a constant larger than the number of words in any document

to distinguish semantic tokens of the semantic representation from literal tokens when

accessed in the index. To simplify Figure 13, the addition of this constant is not shown.

In the example, the facility adds a token for each of the words in the

expanded trogical form to the index to form the semantic representation of the target

documents. In one preferred embodiment, however, the facility limits the set of

expanded logical form tokens that it adds to the index to those logical form tokens that

are likely to be effective at distinguishing between documents among the target

documents. To so limit the set of expanded logical form tokens added to the index, the

facility preferably determines the Inverse Document Frequency of each token, whose

formula is shown by equation (1) below. In this embodiment, the facility adds to the

index only tokens whose Inverse Document Frequency exceeds a minimum threshold.

Returning to Figure 3, after storing the tokens in the index before the

. current sentence in the target document, in step 304, the facility ioops back to step 301

. to process the next sentence in the tuget documents. When all of the sentences of the

targetdocument have been processed, the facility continues, at step 305. In step 305, the

facility receives the text of a query. In steps 306-308, the facility processes the received

query. In step 306, the facility invokes the tokenized routine to tokenize the query text.

Figure 14 is a logical form diagram showing the logical form preferably constructed by

the facility for the query "man kissing horse" in accordance with step 401 (Figure 4). It

can be seen from the logical form diagram that the deep subject is man (sense 2), the

verb is kiss (sense 1), and the deep object is horse (sense 1). This primary logical form

is more succinctly represented as
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(man, kiss, horse)

in primary logical form 1450.

Figure 15 shows the expansion of the primary logical form using
hypernyms in accordance with steps 402 (Figure 4). Itcan be seen from Figure 15 that, 

.
like the sampie input text from the target document, the deep subject man (sense 2) has
been expanded with the hypernym person (sense 1), and the verb kiss (sense 1) has been

expanded with the hypernym touch (sense 2). Further, it can be seen tlut the d.eep

object horse (sense 1) has been expanded with hypernym animal (sense 3).

Figure 16 is a linguistic knowledge base diagram showing the selection
of hypernyms of the deep object of the query logical form, horse (sense i). It can be

seen from Figure 16 that the facility does not select the hypernym organism (sense l) of
animal (sense 3), since fewer than 90% of the hyponyms of animal (sense 3) have
similarity weights at or above the ".0015" threshold similarity weight. The facility
therefore uses only the hypernym animal (sense 3) to expand the logical form.

Returning to Figure 3, in step 307, the facility uses the expanded logical
form 1550 (Figure 15) constructed using hypernyms of the word senses in the primary
logical form to retrieve from the index locations in the target documents at which
matching tokens occur. The facility preferably does so by issuing the following query

against the index:

(man- OR personJ PHRASE (kissn OR touch.n ) PHRASE (horse# OR animal#)

The PHRASE operator matches occrurences of the operand following it at a word
25 position 1 greater than the operand preceding it. Therefore, the query matches where

the deep subject man- or person- precedes the verb kiss^ or touch^, which precedes the

deep object horse# or animal#. It can be seen from the index in Figure 13 that this
query is satisfied at document number 5, word number 150.
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If this query was not satisfied in the index, the facility would continue to

submit the query in trvo different partial queries. The first partial form contains only the

deep subject and the verb, and not the object:

(man_ ORpersonJ PHRASE (kissn ORtouchr..)

Figure 17 is a partial logical form diagram showing the partial logical form

corresponding to this first query. The second partial form of the query contains the verb

and deep object, but not the deep subject:

(kissn OR touchn) PHRASE (horse# OR animal#)

Figwe 18 is a partial logical form diagram showing the partial logical form

corresponding to this second partial query. These partial queries would match logical

forms in the index having a different deep subject or deep object, arld would match

partial logical forms not having a deep subject or deep object. These partial queries

take into consideration differences between the query input text segment and target

document input text segments including pronoun usage and implied deep subjects and

deep objects.

Retuming to Figure 3, after identifuing matches of tokens in the index,

the facility continues in step 308 to rank the target doouments in which matches of

particular combinations of matching tokens, corresponding to a primary or derivative

logical form, occur in the order of their relevance to the query. In various embodiments

of the invention, the facility employs one or more of a number of well-known

approaches to ranking documents by relevancy, which include Jaccard weighting and

binary term independence weighting. The facility preferably uses a combination of

inverse document frequency and term frequency waiting to rank the matching target

documents

The inverse document frequency weight characterizes a token

combination's ability to distinguish between documents, giving greater weight to a
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token combination appearing in fewer of the target documents. For example, for a

group of target documents directed to the subject of photography, the logical form

(photographer, frame, subject)

could occur in each document of the group, and thus would not be a very good basis for

distinguishing between documents. Because the above logical form occurs in every

target docurnent, it has a relatively small inverse document frequency. The formula for

inverse document frequency of a token combination is as follows:

,''"'' Inverse Document Frequency (tokrn combination) =

, ( total number of target documents )
-"o\number 

of target documents containing token combination)

The term frequency weight of a token combination in a document

measures the extent to which the document is dedicated to the token combination, and

assumes that a document in which a particular query token occurs a large number of

times is more relevant than a document in which the query token occurs fewer times.

The formula for the term frequency weight of a token combination in document is as

follows:

(2)20

,\
Term Frequency \token combination, document) =

number of times token combination occurs indocument

The facility uses a score for each matching document to rank the

documents. The facility first calculates a score for each matching token combination in

each document, using the following formula:

25

Scorc(token combination, docurnent)=Inverse Document Frequency (totren combination)

TermFrequency (totnn combination, documen) 
(3)
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The facility then calculates the score for each matching document by choosing

highest score for any matching token combination in each matching document

accordance with the foilowine formula:

The Size (document) term may be any reasonable measure of the size of a document --

for example, the number of characters, words, or sentences or sentence fragments in the

document. The document score may alternatively be normalized using a number of

other normalization techniques, including cosine measure normalization, sum of term

weights normahzation, and maximum term weights normalization.

After calculating normalized scores for each matching document, the

facility ranks the matching documents in order of the normalized scores for the

documents. A user may preferably select one of the matching documents from the

ranked list to obtain a location of the matching tokens in that document, or to display

the matching portion of that document.

Returning to Figure 3, after ranking the matching target documents in

step 308, the facility preferably continues at step 305 to receive the text of the next

query against the index.

the

in

(5)
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score ldocumentl= maxl V (Score (token combination, document)ll--- -\ , 
ln%:::nbination\ 

, ,,)

(4)

Once the facility has calculated a score for each document, the facility may augment

10 these scores to reflect terms of the query other than those directed to semantic matching.

After augmenting the score for each document, if necessary, the facility calculates a

normalized score for each document by taking the size of the document into account as

shown in the following formula:

.i ."L-
I

Score (document)
15 Normalized Score (document) =

Size (document)
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The above discusses ranking by relevancy the documents containing

matching tokens. Additional preferred embodiments of the invention similarly rank by

relevancy document groups and document sections, respectively, that contain matches.

For target documents that are organized into document groups each containing one or

more documents, the facility preferably ranks the document groups in which matches

occur by relevancy in order to identify the most relevant document groups for further '

querying. Further, the facility is preferably configurable to divide each target document

into sections and rank the relevancy of document sections in which matches occur.

These document sections may be identified contiguously within a tatget document

either by selectin g a certainnumber of bytes, words, or sentences, or by using structural,

formatting, or linguistic cues occurring in the target document. The facility may also

preferably identiff non-contiguous document sections dealing with particular themes.

While the present invention has been shown and described with

reference to preferred embodiments, it will be understood by those skilled in the art that

various changes or modifications in form and detail may be made without departing

from the scope of the invention. For exampie, the tokenizer may be straightforwardly

adapted to produce and store in the index tokens each corresponding to a complete

logical form construction instead of tokens each corresponding to one word of a logical

form construction. Also, various well-known techniques may be applied to incorporate

other types of searching in a query having a semantic matching component. Further, a

. query may contain a number of semantic matching components, In addition, semantic

relationships identified between words other than hypernyms may be used to expand the

primary logical form. The facility may also use precompiled lists of substitutable words

for each word in a primary logical form to expand the primary logical form, rather than

generating lists of hypernyms from a lexical knowledge base at runtime as described

above. Further, for additional matching precision, the tokenizer may encode in the

token for a word the sense number identified for the word. In this case, the test for

coherency of the hyponym set is reduced from testing similarity with all senses of the

selected hypernym. In the example, only the hyponyms of sense 1 of the word person

need to bear a threshold level of similarity with the starting sense of the word man
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(sense 2). Because the possible matching terms in the index are less ambiguous we can

constrain the set of terms which might produce false hits. For this reason it is only

necessary to test for the senses which have a hypernym reiation to the word in the

logical form.
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CLAIMS

We claim:

1. A method in a computer system for identiffing passages of a first body

of text relating to a passage of a second body of text, the method comprising the steps of:

for each of a multiplicity of passages of the first body of text each having a

location in the first bodY of text:

constructing a first logical form charactetizitg a semantic relationship

between selected words in the passage,

expanding the constructed first logical form to include alternative

words for at least some of the selected words in the passage, and

storing in an index a mapping from the expanded first logical form to

the location of the passage in the first body of text;

constructing a second logical form characterizing a semantic relationship

between selected words in the passage of the second body of text;

expanding the constructed second logical form characterizing a semantic

relationship between selected words in the passage of the second body of text to include

alternative words for at least some of the selected words in the passage; and

comparing the expanded second logical form charactettzing a semantic

relationship between selected words in the passage of the second body of text to the expanded

first logical forms from which the index maps to identiff a pass,age of the first body of text

whose expanded logical form intersects with the expanded logical form charactenzing a

semantic relationship between selected words in the passage of the second body of text' in

that, for pair of corresponding selected words between the intersecting expanded logical

forms, the selected word or one of its altemative words in the expanded first logical form

matches the selected word or one of its alternative words in the expanded second logical

form, such that a passage of the first body of text relating to the passage of the second body of

text is identified.
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2. The method of claim I wherein the expanding steps each include the

step of, for one or more of the selected words in the passage, identi$ing as an altemative

word a word having a positive semantic correlation with the selected word.

3. The method of ciaim 2 wherein the expanding steps each include the

step of for one or more of the selected words in the passage, identifuing as an altemative

word a hypernym of the selected word.

4. The method of claim 1 wherein the constructing steps each include the

step of parsing the passage to discern its syntactic and semantic structure'

5. The method of claim I wherein the storing step includes the steps of:

for each selected word of the passage of the first body of text:

storing in the index a mapping from the selected word to a location in

the first body of text relative to the location of the passage that corresponds to the selected

word; and

storing in the index a mapping from each alternative word for the

selected word to the location relative to the location of the passage that corresponds to the

seiected word,

and wherein the comparing step includes the step of:

r each selected word of the passage of the second body of text:

identifying a word mapped by the index to a location in the first body

of text relative to the location of the same passage that corresponds to the selected word of the

passage of the second body of text, the identified word being either the selected word of the

passage of the second body of text or an alternative word for the selected word of the passage

ofthe second body oftext

6. The method of claim 1, further comprising the step of returning the

location of the identified passage of the first body of text.
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7. Ttre method of claim 1 wherein the location in the first body of text of

each of the multiplicity of passages of the first body of text comprises a position within the

first body of text at which the passage occurs.

8. The method of claim 1 wherein first body of text is comprised of a

plurality of documents, and wherein the location in the first body of text of each of the

multiplicity of passages of the first body of text comprises the identity of the document that

contains the passage.

9. The method of claim 1 wherein the second body of text is a query on

the first body of text.

10. The method of claim I wherein the constructing steps each construct a

logicai form relating a verb, a deep subject ofthe verb, and a deep object ofthe verb.

11. The method of claim 1 wherein the constructing steps each construct a

logical form relating a verb and a deep subject ofthe verb.

12. The method of claim 1 wherein the constructing steps each construct a

logical form relating a verb and a deep object ofthe verb.

13. The method of claim 1 wherein the comparing step identifies a

plurality of passages in the first body of text whose expanded logical forms intersect with the

expanded logical form characterizing a semantic relationship between selected words in the

passage ofthe second body oftext

14. The method of claim 13 wherein the first body of text is divided into

documents, further including the step of ranking the documents containing an identified

passage by applying a combination of term frequency and inverted document frequency

weighting.
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15. The method of claim 13 wherein the first body of text is divided into

documents organized into groups of documents, further including the step of ranking the

document groups containing an identified passage by applying a combination of term

frequency and inverted document frequency weighting.

16. The method of claim 13 wherein the first body of text is divided into

documents that are further divided into document sections, further including the step of

ranking the document sections containing an identified passage by applying a combination of

term frequency and inverted document frequency waiting.

t7. A computer-readable medium whose contents cause a computer system

to identifi passages of a first body of text relating to a passage of a second body of text by

performing the steps of:

for each of a multiplicity of passages of the first body of text each having a

location in the first bodY of text:

conskucting a first logical form characterizing a semantic relationship

between selected words in the passage,

expanding the constructed first logical form to include alternative

words for at least some of the selected words in the passage, and

storing in an index a mapping from the expanded first logical form to

the l,ocation of the passage in the first body of text; 
\

constructing a second logical form charactertzing a semantic relationship

between selected words in the passage of the second body of text;

expanding the second logical form characterizing a semantic relationship

between selected words in the passage of the second body of text to include alternative words

for at least some of the selected words in the passage; and

comparing the expanded second logical form characlenzing a semantic

relationship between selected words in the passage of the second body of text to the expanded

first logical forms from which the index maps to identify a passage of the first body of text

'l
i

ia\r
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whose expanded logical form intersects with the expanded logical form characteizing a

semantic relationship between selected words in the passage of the second body of text, in

that, for pair of corresponding selected words between the intersecting expanded logical

forms, the selected word or one of its alternative words in the expanded first logical form

matches the selected word or one of its alternative words in the expanded second logical ,

form, such that a passage of the first body of text relating to the passage of the second body of

text is identifred.

18. The computer-readable medium of claim 17 wherein the expanding

steps each include the step of, for one or more of the selected words in the passage,

identi$ing as an alternative word a word having a positive semantic correlation with the

selected word.

19 The computer-readable medium of claim 18 wherein the expanding

steps each include the step of, for one or more of the selected words in the passage,

identifying as an alternative word a hypernym of the selected word.

20. The computer-readable medium of claim 17 wherein the constructing

steps each include the step of parsing the passage to discern its syntactic and semantic

structure.

21. The computer-readable medium of claim 17 wherein the storing step

includes the steps of:

for each selected word of the passage of the first body of text:

storing in the index a mapping from the selected word to a location in

the first body of text relative to the location of the passage that corresponds to the selected

word; and

storing in the index a mapping from each alternative word for the

selected word to the location relative to the location of the passage that coresponds to the

selected word,

':,
:i'
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and wherein the comparing step includes the step ofi

for each selected word ofthe passage ofthe second body oftext:

identifying a word mapped by the index to a location in the first body

of text relative to the location of the surme passage that corresponds to the selected word of the

passage of the second body of text, the identified word being either the selected word of the

passage of the second body of text or an alternative word for the selected word of the passage

ofthe second bodv oftext.

tokens from an

A method in a computer system for generating information retrieval

string, the method comprising the steps of:

from the input string a primary logical form characteintg a semantic

relationship between words in the input string;

hypernyms of the selected words in the input string;

from the primary logical form one or more alternative logical

forms, each alternative logi form being constructed by, for each of one or more of the

selected words in the input replacing the selected word in the primary logical form

with an identified hypernym of

generating tokens

alternative logical forms, the ge being distinguishable by

23. The method of claim wherein the consiructing step includes the step

of parsing the input string to discern its and semantic structure.

24. The method of claim 22 w the identifying step includes the steps

of:

for each selected word of the input

retrieving from a linguistic

the selected word each having a similarity value

the hypernym to the selected word; and

base one or more hypernyms of

zing the similarity in meaning of

,tiqt

t$F
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"iti form and the

an information
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(

\ identiSing any of the hypemyms whose similarity value exceeds a
\,

preestablis\ threshold.

\
\
251 The method of claim 22,fufiher comprising the steps of:

befolp the constructing step, selecting the input string from a search query; and

[ng the generated tokens to a query engine for comparison to a

representation of one or target documents.

26. The of claim 22, fur*rer comprising the steps of:

before the ing step, selecting the input string from a body of text to be

indexed; and

submitting the to an indexing subsystem for storage in an

index representing the body of text.

27. The method of cl including the step of determining an

inverse document frequency of each of the ing in the alternative logical forms,

and wherein the submiuing step'-bTni bmit to the indexing subsystem tokens

representing alternative logical forms containirtg whose inverse document frequency is

smaller than a preestablished minimum inverse frequency.

28. The method of claim 26. further ,ghe steps of:

after the submitting step, determining arr yerse document frequency of each

of the words occurring in the alternative logical forms; and

removing from the index tokens represen

containing words whose inverse document frequency is

minimum inverse document frequency.

hypernyms of the selected words that have coherent hyponym sets with

words.

alternative logical forms

ler than a preestablished

29. The method of claim 22 wherein the ifying step identifies

pect to the selected
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A computer-readable medium whose contents cause a computer system

to generate retrieval tokens from an input string by performing the steps of:

creat from the input string a primary logical form characterizing a semantic

relationship between

identi

words in the input string;

hypernyms of the selected words in the input string;

the primary logical form one or more alternative logical

forrns, each alternative logi form being constructed by, for each of one or more of the

selected words in the input replacing the selected word in the primary logicai form

with an identified hypernym of

generating to th the primary logical form and the

an informationalternative logical forms, the

retrieval engine.

The computer- of claim 30 wherein the constructing

step includes

structure.

step of parsing to discern its syntactic and semantic

32. The computer-readable

step includes the steps of:

of claim 30 wherein the identiffing

for each selected word of the input text:

retrieving from a linguistic kno baSe one or more hYPernYms of

the selected word each having a similarity value

the hypernym to the selected word; and

the similarity in meaning of

identifying any of the hypernYms

preestablished threshold.

similarity value exceeds a

33. The computer-readable medium of claim wherein the contents of

the computer-readable medium further cause the computer system to the steps ofi

before the conskucting step, selecting the input string a search query; and

being distinguishable bY
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submitting the generated tokens to a query engine for comparison to a

of one or more target documents.

the computer-

indexed; and

The computer-readable medium of claim 30 wherein the contents of

medium funher cause the computer system to perform the steps of:

the constructing step, selecting the input string from a body of text to be "'

submi the generated tokens to an indexing subsystem for storage in an

index representing the text.
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35. The co -readable medium of claim 34 wherein the contents of

the computer-readable medium computer system to perform the step of

determining an inverse document

logical forms,

the words occurring in the alternative

and wherein the submitting step oml t to the indexing subsYstem tokens

representing alternative logical forms inverse document frequencY is

smaller than a preestablished minimum in frequency.

36. The computer-readable medi of claim 34, further including the steps

of:

. after the submitting step, determining inverse document frequency of each

of the words occurring in the alternative logicai forms;

removing from the index tokens ns alternative logical forms

preestablishedcontaining words whose inverse document frequency is

minimum inverse document frequency.

ler than a

37. The computer-readable medium of claim 3 wherein the identiffing

step identifies hypernyms of the selected words that have coherent hy

to the selected words.

ym sets with resPect
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38. A method in a computer system for generating information retrieval

tokens from input string, the method comprising the steps of:

ing from the input string a logical form characteizing a semantic

relationship selected words in the input string; and

ge ing one or more tokens representing the logical form, the generated

tokens being disting le by an information retrieval engine.

method of claim 38 wherein the creating step includes the step of39.

r- rj

u.ti
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fl)
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parsing the input string to its syntactic and semantic structure.

40, The 38 wherein the creating step constructs a logical

form relating a verb, a deep subj a deep object ofthe verb.

41. The method of in the creating step constructs a logical

form relating a verb and a deep subject

42. The wherein the creating step constructs a logical

form relating a verb and a deep object ofthe

43. The method of claim 38. comprising the steps of:

before the constructing step, selecting input string from a search query; and

submitting the generated tokens to a uery engine for comparison to a

representation of one or more target documents.

44. The method of claim 38. further the steps of:

before the constructing step, selecting the input from a body of text to be

submitting the generated tokens to an indexing

index representing the body of text.

stem for storage in an
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\ 45. A method in a

informatlpn retrieval index, the index
\

34

computer system for creating and accessing an

characterizing one or more indexed documents by

occurring in the indexed documents, the methodstoring ized semantic structures

comprising steps ofi

each of a plurality of passages in the indexed documents:

receiving a tokenized semantic structure corresponding to the passage,

receiving an indexed document location for the passage, and

ing in the index a mapping from the received tokenized semantic

structure to the index location: and

for a query against the indexed documents:

!'!n

!*?"

it:
.r ll

receivilg a tokenized semantic structure corresponding to the query,

identi in the i ing from a tokenized semantic structure

matching the tokenized semantic s

document location. and

pond to the query to an identified indexed

document location.

46. The method of cl the step of receiving a tokenized

the step of receiving a pluraiity ofsemantic structure correspondi the

tokenized semantic structures all samo passage having the same indexed

document location, and wherein the storing step

received tokenized semantic structures.

mappings to each of the plurality of

47. The method of claim 46 wheretn step of receiving a tokenized

semantic structure corresponding to the query includes the

tokenized semantic structures all corresponding to the

of receiving a pluralitY of

euery, and wherein the

identifuing step identifies a mapping from a tokenized semantic matching any of the

plurality of tokenized semantic structures corresponding to the query.
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48. A method in a computer system for processing a query directed to one

documents, both the query and the target documents comprising a series of

words, the thod comprising the steps of:

iving the query;

ining the semantic roles of selected words in the q'uery; and

ing occurrences of the selected words in the target documents in which

the selected words the same semantic roles as in the query.

method of claim 48, further including the step of compiling from49.

Mi

twi

tr'i

{- 
'i

the target documents an indicating, for a pluralrty of the words occurring in the targel

documents, the semantic role f the occurrence of the word in the target documents, and

wherein the identifying step i thi:, sten\ comparing the selected words and their

determined semantic roles to the

50. The method of c in the determining step determines

which of the selected words is a princi eu€ry, which of the selected words is

the deep subject of the principal verb, the selected words is the deep object of

the principal verb.

51. A computer memory a document indexing data structure

characteizing the contents of one or more target the document indexing data

skucture mapping from words to locations in the target nts, the document indexing

data shucture mapping, for each of a plurality of of words occurring in the target

documents, ftom words contained in a logical form from the passage to a location

corresponding to the passage, and from hypernyms of words ined in the logical form

generated from the passage to a location colresponding to the

such that the document indexing data structure may be used to ify, in response to the

receipt of a query, the location of passages of the target

similar to a passage of the query.

that are semanticallY
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The computer memory of claim 51 wherein the document indexing

data maps to a location in the target documents from at least one word not occurring

in any of target documents.

words against one

A computer system for responding to queries containing a passage of

more target documents, each target document comprised of one or more

each target document passage having a location within the targetpassages of words)

documents, the system comprlsmg:

a target

a query

receiver for receiving the target documents;

for receiving queries against the target documents;

a tokenizer ing tokens from passages of target documents received

by the target document recei of queries received by the query receiver, the tokenizer

including a logical form synthes for synthesizing from each passage a logical form

characterizing the semantic the tokenizer generrting tokens

representing the logical forms synthesi

an index memory for that maps from each token generated

from a target document passage to ns in the target documents of the target

document passage from which the token ; and

a query processmg each query, identifuing in the index

memory a token matching the to the query and retuming an indication of

the location mapped to from the identified token.

54. The computer system of claim 53 wherein the logical forms

synthesized by the logical form synthesizer contain words,

includes:

wherein the tokenizer further

a hypernym expansion subsystem for creatin from each logical form

synthesized by the logical form synthesizer one or more suppl logical forms in which

one or more of the words of the logical form are replaced with hy

the tokenizer also generating tokens representing the supplemental

the hypemym expansion subsystem.

ical forms created by

52.

+isf
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i.,
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INFORMATION RETRIEVAL UTILIZING SEMANTIC

REPRESENTATION OF TEXT

ABSTRACT OF THE DISCLOSURE

The present invention is directed to performing information retrieval utilizing

semantic representation oi text. In a preferred embodiment, a tokenizer generates from an

input string information retrieval tokens that characterize the semantic relationship expressed

in the input string. The tokenizer first creates from the input string a primary logical form

characterizing a semantic relationship between selected words in the input string. The

tokenizer then identifies hypernyms that each have an "is a" relationship with one of the

selected words in the input string. The tokenizer then constructs from the primary logical

form one or mote alternative logical forms. The tokenizer constructs each altemative logical

form by, for each of one or more of the selected words in the input string, replacing the

selected word in the primary logical form with an identified hypernym of the selected word.

Finaliy, the tokenizer generates tokens representing both the prinnry logical form and the

alteinative logical forms. The tokenizer is preferably used to generate tokens for both

constructing an index representing target documents and processing a query against that

index.
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entitled " INFORMATION RETRIBVAL UTILIZING SEMANTIC REPRESENTATION OF

TEXT," which is described and claimed in the foregoing specification and for which a patent is

sought.

We have reviewed and understand the contents of the above-identified

specification, including the claims, as amended by any amendment specifically referred to

herein (if any).

We acknowledge our duty to disclose information of which we are aware

which is material to the examination of this application in accordance with 37 C.F.R, $

1.s6(a).

We hereby appoint RICHARD W. SEED, Registration No. 16,557;
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ROBERT G. WOOLSTON, Registration No. 37,263; CLARENCE T. TEGREENE,

Registration No. 37,951; ELLEN M. BIERMAN, Registration No. 38,079; BRYAN A'

S,{NTARELLI, Registration No. 37,56A; MICHAEL L. KIKLIS, Registration No. 38,939;

CAROL NOTTENBURG, Registration No. 39,317; CRAIG S. JEPSON, Registration

No. 33,517;PAUL T. PARKER, RegistrationNo. 38,264; JOHN C. STEWART, Registration

No. 40,188; ROBERT W. BERGSTROM, Registration No. 39,906; HARRY K. AHN,

Registration No. 40,243; DAVID W. PARKE& Registration No. 37,414; and ROBERT E.

MATES, Registration No. 35,271, comprising the firm of SEED AND BERRY LLP, 6300

Columbia Center, Seattle, Washington 98104-7092, as our attorneys to prosecute this

application and transact all business in the Patent and Trademark Offi.ce connected therewith.

Page 43 of 364



Please direct all telephone calis to Steven D. Lawrenz at (206) 622-4900 and telecopies to
(206) 682-603r.

We further declare that all statements made herein of our own knowledge are

true and that all statements made on information and belief are believed to be true; and further,

that these statements were made with the knowledge that the making of willfully false

statements and the like is punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code, and may jeopardize the validity of any patent issuing from'
this patent application.
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Fig. 5-7 Modified dependency tree structure resulting from syntactic
analysis.

syntactic function of a given word in a sentence as determined by the

automatic syntactic analysis, where c,r is the prefix consisting of the first

n - L characters of the string 
^nd 

Z designates the terminal character.

The chara cter Z then represents the syntaetic functioa of the given word,

and, c,r is the syntactic marker attached to the parent node in the tree

structure to which the present nod,e is attached. Thus, in the output- of

Fig. 5-6, the code 3oa is decomposed into the prefix 3o and suffix .r; this

indicates that the corresponding word (useful) is interpreted as an adjec-

tive, gramrnatically dependent on the node labeled 3o (algorithms), and

that the node .ott..pooding to usefut is placed on level 3 of the s,]'ntactic

tree. Similarly, the node Lb.lud Soepn represents a preposition (n) 
.on

level 5 of the tree, grammatically dependent on a dummy node with

marker Soer on levef 4, which in turn depends on an adjective on level

3 (3oe), which in turn depends on the object of the main verb (3o)'
The modified dependency tree image resulting from the s-u*ntactic

ana,lysis of the first swen words of the seotence of Fig. 5-6 is shorvn in

Fig. 5-7. A comparison of the syntactic tree of Fig. 5-Tivith the standard

dependency tree lormat given in the example of Fig. 5-4d shows that the

trees resulting from syntactic analysis are substantially identical with

dependency trees u*..it for the addition of certain d.ummy nod'es to mark

phiase and clause boundaries. A decomposition into phrase comfonents

is d,erivable from the syntactic trees, as tefore, by bracketing the words

3V 3P t?o
ll
ll

( olgorithm (usetut

3OAPO
I

soluf ion) ) )) ) )

Prepo si tion

3OAPRt_
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THE SYNTACTTC OPERATTONS 169

located, in the same subtree. This is shorvn for the sample sentence at

the bottom of Fig. 5-7.

In addition to the syntactic dependency structure for each analyzed

sentence and to the syntactic markers attached to the text lvords, the

Sm"rt system also carries along the concept numbers resulting from the

fh.ru,-,r,1, look-up of the original texts. This makes it possible to match

thu .oo.upt numbers, as weli as the syntactic markers and dependency

structures, before a criterion phrase applicable to a given document is

detected.
Since many parts of a document may be potentially interesting for

cootent analysis p,rrpo.u., even though not consisting of complete English

sentences, the syntaciic analysis procedule incorporated into the Smart

document retrieval s1'stem is programmed in such 1 *uy thai incom-

;b" ;.n..., including document titles, section headingi, or figure

captions, can nevertheless be properly analyzed [?2]'^ 
The dictionary of criterion phrases contains structures similar to

the dependency tree structure of Fig. 5-7 in that each phrase is identified

by three main types of information: the applicable concept numbers, the

applicable syntactic indicators, and the syntactic dependency structure'

four" main classes of criterion trees are used, corresponding to 19to
phrases, subject-verb relations, verb-object relations, and subject-object

relations. Since ea,ch criterion phrase consists of only very few distinct

nod,es, it is unnecessary in most cases to draw the applicable tree s-truc-

tures. Instead., uppto*itoately 15 different structure types are defined,

and only the structure type numbers are usually specified with each tree,

instead of the corresponding complete trees.

The structure of the criterion phrase dictionary was previously

described in Chap. 2. Two sample phrases are sho'wn as examples in

Fig.S.S.Thefirstphrase(omnou)presentedinFig.S-8aconsistsofa
goieroing node with concept number 181 and a dependent node with

ioo..pt Iz+. The identifiers after the dollar sien (g) specify syntactic

type i an4 output serial number 47. The other phrase, shown in Fig.

S-AA, is provided in the phrase dictionary in three different types, namely,

types t, 3, or 5 with output serial numbers 87, 88, and 89, respectively.

In addition, node 1 of each tree must be specified as either concep,t 11. or

176, and, nod,e 2 is specified as concept 13. The syntactic specification

provided for the tree class of type 1 requires that the term corresponding

to node number 2 must be syntactically dependent on that corresponding

to nod.e 1. For syntactic types 3 and 5, node 1 is also specified as a verb

(v) and nod.e 2 as an object (o). This implies that a given sentence

excerpt will match criterion trees of types 3 and 5 only if the corre-

spoodiog sentence nodes exhibit these s&me syntactic markers.

The broken lines in the syntactic structure specifriation indicate
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Fig. 5{ Sample criterion phrase specification

that the connection between the corresponding nodes in the Sentence may

be indirect in the sense that other nonspecified nodes may oceur betrveen

the ones specified. This allows, for example' unspecified prepositions,

conjunctions, or adverbs to intervene in the normal sentence ordel

between trvo specified. nodes, while still obtaining a m&tch with the given

criterion phrase.
The multiplicity of concepts attached to a given node of a criterion

phrase and the variety of permissible syntactic formats guarantee. that a

girr.o cdterion tree specification corresponds to hundreds of different

English constructions. Furthermore, both documents and search

reqirests use the s&me cliterion tree dictionary, so that there results a

flexiUle matching procedure capable of recognizing many semantically

equiva,lent but syntactically quite different constructions [23].
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THE SYNTACTIC OPERATIONS

lYhen the sentence reproduced in Fig. 5-6 was compared with an
early version of the criterion tree dictionary in use with the Smart
retrieval system, the trvo matching trees found were those presented in
Fig. 5-8. The resuits of the matching procedure are exhibited in the
output of Fig. 5-9. In that 6gure, the original sentence is reproduced as
well as the output of the syntactic anaiysis. In additioo, ,".h word, or
equivalently each node in the sentence structure representation, is given
an identifying node number.

It is seen at the bottom of Fig. 5-g thai tree uode 1 of criterion
phrase DrFEeu matches sentence node 12 (equations), and tree node 2
matches sentence node 14 (difermtial); as a result, the concept numbers
attached to phrase DIFEeu (difermtial equatioms) are supplied as content
identifiers to the document that includes the givea sentence. Similarly,
nodes 1 and 2 of criterion phrase NulrEnr match sentence nodes 7 and g,
respectively (solution and numerical). The actual matching structures
can be identified for this phrase by comparing the leftmost structure of
Fig.,5-8b, representing one of the structures assigned to criterion phrase
wuunnr, with the rightmost subtree of ihe dependency tree of Fig. 5-2.

Phrase formats A criterion phrase definition consists of slx different
types of speeifications:

The name and serial number of the phrase
The ouiput concept number(s) to be attached to the docurnent sen-

tence that matches the given criterion phrase
The node, or nodes, in the sentence to rvhich these output concept

numbers are to be attached

Fig. 5-9 Trees found ia sentence l, orrrnRvtL Eq.

1.

2.

3.

rH€s€ aRE lrr6 161y, xooE 5.
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4. The s1-ntactic dependencl' relations betg'een the nodes of the phrase,

that is, the tree structure
i. The s1-ntactic ind.icafors associated rvith each node of the criterion

phrase rvhich must match the indicators of the corresponding nodes

of the document sentence

6. The semantic values, or concept numbers, associated ivith each node

of the criterion phrase'lvhich must match the concepts attached to

the corresponding nodes of the document sentence

Itormalll-, a griterign phrase is specified by .? stl,Tdarcl tree type so that

items 3, 4, and. 5 need. not be separately indicat'ed. The corresponding

information is then supplied as part of a given tree t1-pe specification and

is referred to by a tree type number. This explains $'hy the criterion
phrases shown in Fig. 5-8 are defined only in terms of tree n&mes, serial

numbers, concept numbers attached to the nodes, and tree type numbers'

- The tree name an{ serial number (a different serial number is used

for each distinct syntactic d.ependency structure) are identifying markers

which distinguish the various phrases entered in the criterion phrase

dictionary. Thur, in the example of Fig. 5-8, the phrase DIF$QU, rvhich

is alvays of sl,ntactic type 1, is assigned serial number 47; similarly'
phrase Nur{ERI is assigned serial number 87, 88, or 89, depending on

whether the phr.ase under consideration is of syntactic type 1, 3, or 5.

The output concept numbers normally specified as part of each

phrase definition are the semantic markers that identify the meaning of

ih. .or.urponding phrase. When a phrase is detected in a given docu-

ment, the output concept numbers associated with that phrase are

assigned to the d.ocument as content identifiers with a specified weight

urrd. uru incorporated into the concept vector representing the document'

In addition, the output concept numbers are also generally associated

with certain nodes (key nodes) of the document Seltence that matches

the given criterion phrase. This step malies it possible under some

circumstances to detect larger criterion phrases that include smaller ones

already detected in a previous matching operation'

For example, if the phrast orlpeu (differential equationt)' .lTth
results from a combination of concepts 181 (equation) and 274 (ditrer'

ential), were identified by output concept number 379 (differential

equations), the assignment of concept 379 to a given serrtence node in a

document will maiie it possible subsequently to recognize a larger phrase'

such as "stability of soiutions of differential equations" by combining

concept 379 rvith the respective concepts assigned to solution and sfa-

bility. Under normal cireumstances, the sentence nodes to be identified

by the output concept numbers of the matching criterion phrases are

specified as part of the syntactic tree t1'pe specification.
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THE SYNTACTIC OPERATIONS L73

The dependency connections belrveen the various criterion phrase
nodes are illso normally specified b-v citing a s1'ntactic tree type. Horr-
ever, these connection.s ci.In also be indicated expliciti;- b-r'giving for e:lch
node (except for the rool on the first level of the tree) the number of the
pcrent node on the next higher level, as rvell as the type of connection to
this parenb node, that is, direct or indirect. A direct connection betrveen
two nodes implies lhat no intermediate nodes mr]'occur betlveen the trvo
corresponding nodes in the mu.tching sentence. However, if u,n indirect
connection is specified, &DX intermediate nodes in the mutching sentence
rvill be disregarded.

The last elements included in a complete phruse specification are
the syntactic indicators and the semantic concept"irumbers. Their use.
has alres,dy been illustrated. In general, a sentence node rvill mu.tch a
given criterion phrase node only if at lemt one of the given concept
numbers and at lecst one of the given syniactic indicr,tors match in the
corresponding nodes of the two structures.

In addition to the basic criterion phrase specification, it is also
possible to specify syntactic tree types, consisting of dependencl'relations,
syntactic markers, and ke_v nodes; furthermore, tree types and criterion
phrases may be defined simultaneously as part of the same deflning state-
ment. Since each output concept number is normally assigned a weight,
the weights can also be specified if different from a uormal weight of l.
Concept numbers can also be shifted from node to uode and the rveights
can be altered in the process.

The criterioo phrase formats may be made more explicit b,v referring
to the illustrations of Fig. 5-10 [24]. A typical tree type specificaiion is
shown in Fig. 5-104. l,Iode 1 of the tree is specified as directly connected
to parent node 3 and is marked with a verb ('v') syntax indicetion; node 2

is indirectly connected to pareat node 3 and is specified &s an object
('o' marker). No parent is given for node 3 after the second vertical
slash, and node 3 is thus ideotified as the parent node with no specific
syntactic marlier. The type number ond key node cariying the output
concept number are given after tbe dollar sign. The actual tree structure
corresponding io the specification of Fig. 5-10o is shown in Fig. 5-8b.

Figure 5-10b gives a typical criterion phrase specification, where the
dependency structure is denoted bf' citing tree types 1 and 3, eorre-
sponding to serial numbers 10 and 11, respectivell'. The output concept
number to be aitached to an.v matching sentence is 301, and the sentence
node to rvhich this concept is io be attached is the correspondent of phrase
node 2 (rather than the correspondent of node I as is normally specified
for criterion phrcses of types 1 and 3).

Figure 5-10c combines a specification of tree type 3 vith a definition
of the criterion phrase rNrREr. It may be noted thnt s1'ntactic and
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Type 3 o3('v')/13('o')/S3rl

Type 3 o3('v') r3 ('o') S3r1

I.iame of de-
fined struc-
ture.

Node 2 is indi-
rectly con-
nected to par-
ent node 3
and exhibits
&n tot syntax
marker.

Node 3 is the
parent node
and shorvs no
markers.

Type 3 with key
node 1.

(o) Typicai tree type specifreation.

INFRET : 301.2. (26)/(53,114)$l /10,3 +

INFRET : 301 sl/10,3 +

Name of
definid
phrase.

Output
concept
number.

Tree specified
by tYPe 1

serial 10, or
type 3,

serial 11.

(b) Tifpicat criterion tree specifrcation.

rNrnrr : 301o3('v') (26)/I3 ('o') (53,114)/$0/10,3r1

INFI'iET = 30r p3('v')(26) / t3('o')(53,114) $0/10,3t1

Name of
pbrase.

Output
cotrc€pE;

Connections
and markers
for node 2.

l'acuous
specifica-
tion for
node 3.

No type given
(since speci-
fied here),
serial 10; tree
type 3 with
key uode 1.

(c) Typical phrase specification including syntactic type indications.

Fig. 5-10 Criterion phrase and tree type formats.

semantic labels are given for nodes 1 and 2, as well as the dependency

connections to pale;t node 3. No separate specification is included for

node 3, since this node has no parent of its own and exhibits no syntactic

or semantic labels. The tree type to the right of the dollar sign is speci-

fied, as 0 (zero), since the definition itself includes its own tree type

specification.

Node 1 is di-
rectly con-
nected to par-
ent node 3

and exhibits
a'v'syutactic
marker.

Key node is
node 2
instead of
node 1.

(26) / (53,114)

Node 1

exhibits
concept
26.

Node 2
matches
concept
53 or 114.

Dependency
connections
and syntac-
tic and se-

mantic indi-
cators of
node 1.

Page 74 of 364



THE SYNTACTIC OPERATIONS Lzs

If concept 20 clenotes the iciel, ol retrieual, and concept 5'i denotes

data or infortiation, then criterion phrir,se IliFREr of s1''ntactic type 1 lvill

match sentences such cs "Information reirievll is r"rseful" or "The efficient

retrievrl of data is essential," Since in both cllses the correspondent of

node 2 [i.e., clata or i'nformation is s1'nlactically dependent on the corre-

,pooaunt oi nocle L (ietrieual), as specified by tree ty-pe 1(Fig.5-8b)l'

On the other hand, the phrase IliFREr of t.vpe 3 mltches sentences such as

;Thry retrievecl data by computer techniques" rvhere tree node 1 is

speciied as a verb, and, tree node 2 as the objeci of the verb.-5 
Criterion phrases and tree type specifications are saved in matrix

form in the normal36-bit rvord, format of the 7094 computer. A complete

tree is then stored in a set of adjncent computer 1o-rds 
as shorvn injle

example of Fig. 5-11 for the tree INFRET specified in Fig. 5-10c. Tl'
matrix consists of five mrin parts including a prefix that specifies the

fhrou. ncme, serial number, number of nod.es, number of node lcbels,

and nuntber of output concept nttmbers; a section shorving the depend-

ency connections; a section for the otttput concept numbers; and trvo final

,..iioo. for the s1'ntactic and semantic laUets 1ZS;. The total number of

;;;;.t t rvords required to store a given criterion phrese is then equal to

three for the prefis plus a number equal to the total'number of nodes in

the tree for the dependency connections, plus the number of output con-

Pref ix
(3 comPuter

words)

Synfoctic

, connecfions

Output concePt
nurnoers

Fi9. 5-11 Storage representrtion for criterion phrese INFRET'

Semqnfic
lobels

Syntociic
lobels

Direct connections
designofed bY sign *;
indirect bY sign-

,Prefix -O indicotes
/ sotiso sPecific

concept number (ond

nol o node numoer
whose concept is

being ottoched ?o

o new node)

//lFields not used

O (number of oufPut

i O (porent of node 3
i direct connection)

| 3 (porent of node 2
i indirect connection)

I 3 (porent of node 1

i direct connection)

-0 I 301 (ouiput

Node number
to which lobel
is oitoched;
(f sign indicotes
losf lobel for
present node)

+Oi 26 concept number

-Ol 53 conceptnumber

+0i 1,|4 conceptnumber

+2t,'V' syntox lobel

+21 '0' sYntox lobel
i for node 2
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Thesourus look-up rouline

Edit pogrom to prepore for
syntoctic onolysis

Multiple-poih synloctic
onqryzer

Collole synfociic orrd semonlic
informotion for eoch wcrd

Criterion phrcse defecfion

Merge weighled criterion
phrose ioncepis into docrrment

vec tors

176 AUTOMATIC INFORMATION

Incoming texf

ORGANIZATION AND RETRIEVAL

Thesourus

Seniences not
including ony
stoiisticol Dhroses

S totistico I phrose
dictionory

Suffix dictionory

Senfences with
stoiisticol ohroses

Criterion phrose
dictionory

Fig.5-12 Simpiified syntactic processing used to detect criterion phrases.

cepts, pius the total nunber of distiuct node labels, including .both

semantic concepts and syntactic indicators.

Criterion phrase processing The basic criterion phrase process is sum-
marized in the florvchart of Fig. 5-12. It may be seen that the syntactic
processing is applied to only the document sentences that were previousl]'
found to include the so-called "statistical phrases." The criterion phrase
process is therefore used principally to eliminate from the document
identifiers the statistical phrases that include components not properly
related by specified syntactic dependency connections. A criterion
phrase dictiouary is used to store ali applicable phrases, and automatic
procedures are a?a,ilable to update the phrase dictionary by deletions or
additions of phrases 125, 261.

A criterion phrase is detected in a document sentence if, for each
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noc{e in the phrese, there is a corresponding text node such that the

follorving conditions exist :

1. No trvo phrase nodes corresponcl to the same nod.e in the sentence.

?. The clepenclency connections betrveen phrase nodes are reflected by

depend.ency connections betrveen corresponding nodes in the

sentence.

B. The correspondents of each phrese node satisfv the restrictions

imposed by semantic and syntactic labels.

The matching process itself tahes place b,u- comparing the frrst document

sentence with nll trees in the criterion phrase dictionary; ihe second

sentence is then taiien up, ancl so on until all sentences rvith statistical
phrases are processed. I The orcler in rvhich the sentences are processed

is basically immaterial; however, the criterion phrase dictionary is so

ordered that short phrases are processed first, so as to make it possible

later to detect longer phrases that include as components some of the

shorter ones.
lVhen a mttch is found betrveen a criterion phrase and a sentence

excerpt it is recorded in an output table, containing the relevant phrase

concept numbers and the rveights to reflect the frequency of occurrence

of the corresponding phrases. These phrase concepts are iater merged

with the d,ocument concept vectors to reflect the assignment of phrase

concepts as document identifiers-
Before it becomes possible to compare the dependency tree struc-

tures corresponding to analyzed sentences with the criterion tree struc-

tures, it is necessa,rJ* to identify the actual dependency connections

between sentence nodes using as basic input the sentence structure codes

prod,uced by the syntactic analrvzer (shown, for example, in column 2.of

hig. S-O). This is done by using the sentence structure codes to build
up the paths of the modified dependency tree structure one at a time,

starting with ihe leftmost path of the tree (the root is represented as

usual at"the top level and the branches hang dorvn from the root).

The character string representing a sentence structure code for a

given word, is excmined one character at a time, starting with the leftmost

character, and, a path of the tree is built up while so doing. The path

correspond.ing to a character string deviates from its predecessor at the

first character that differs from the corresponding character in the pre-

ceding string; from thct point on, & nerv path is follorved in the tree

structure. For example, if the last character string processed is 3o.Len,

and. the present string is 3o.,Lpo,r., the existing path is follorved dorvn to

ievel 4 (thai is, up to the node rvith structure code 3orp); a nerv branch
is then created, so thrr,t the node coded 3o*po becomes a brother of node

3oeln, and node 3o.*oe. becomes the son of node 3o'rpO on the next
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t7E AUTOMATIC INFORMATION ORGANIZATION AND RETRIEVAL

sentence slruclure
cocfe

Present
slring

Lost node
vect0r

Porent
vecror

Resulting iree
slructure

INFORMATION r5A
I
tsa
+

rsA
I

t-

l,s

l,S,A

I

1,2

1,2,3

9

0,1 ,2

0) ol

fi) 91tAA?

il) 9l(s) Q?(A) O3

RETRIEVAL 1S
,|

rs
+

l,s,A

!l,A

1'2'3

1,2,3

O'1,2

o,1,2

il) I1'(s) Q2(A) o3(r) 9l(s) Q2(A) O3

rs IV

t

IV

t

!'s'A

wA

1,2,3

,l,4,3

0.r,2

0,r,2,1

il) Q!6) Q2n) 03
(1) Q1
(s) d]) 4

(A)d34 (v)

USEFUL la

+

rc
+

!,V,A

l,c,A

1,4,3

1,5,3

0,1,2,1

0, r,2,r ,r

,rl'ff,o
tatda' (v)

,.llN'?
(Ao3'4(v)

Fig. 5-1i! Creation of sentence tree from syntactic structure code.

lower level. The nodes of the iree structure are numbered from 1 up in

the order in which they are created.

The actual tree generation progrg,m is illustrated for a simple sen-

tence in Fig. 5-13. Three vectors are used in the process, consisting of

the character string presently being scanned, and it the last node and

parent vectors. The zth element of tftu hst node vector stores the

number of the nod.e last created at level f ; this vector is updated whenever

& new nod,e is created, and its length equals the number of ievels of the

tree structure. The ith element of the vector of parent nodes stores the

node uumber of the parent of node i. The alterations of the three vestors

as new nodes are created are traced in Fig. 5-13, and the resulting sentence

tree structures are sholvn in the rightmost column of that figure'

The actual matching procedures used to compare the sentence struc-

ture trees rvith the criterion phra,ses are talien up in the next section'
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S.L Semantics and Logical Form

Precisely defining the notions of semantics and meaning is surprisingly difficult

because the terms are used for several different purposes in natural and technical

usage. For instance, there is a use of the verb mean that has nothing to do with

language. Say you are walking in the woods and come across a campfire that is

just-noiiceabiy warm. You migtrt say This fire means sorneone camped here last
-night. 

By this you mean that the fire is evidence for the conclusion or implies the

conclusion. This is related to, but different from, the notion of meaning that will

be the focus of the next few chapters. The meaning we want is closer to the usage

when defining a word, such as in the Sentence "Amble" means to vvalk slowly'

This defines the meaning of a word in terms of other words. To make this more

precise, we will have to develop a more formally specified language in which we

can specify meaning without having to refer back to natural language itself' But

even if we can do ihis, defining a notion of sentence meaning is difficult' For

example, I was at an airport recently and while I was walking towards my

departure gate, a guard at the entrance asked, "Do you know what gate you are

going to?'; I interireted this as asking whether I knew where I was going and

Ls*et.a yes. Bui this response was based on a misunderstanding of what the

guard meant, as he then asked, "Which gate k it?" He clearly had wanted me to

Semantics and Logical Form 227

This chapter introduces the basic ideas underlying theories of meaning, or

semantici. It inuoduces a level of context-independent meaning called the logical

form, which can be produced directiy from the syntactic Structure of a sentence'

Because it must be context independent, the logical form does not contain the

results of any analysis that requires interpretation of the sentence in context'

Section 8.1 introduces the basic notions of meaning and semantics, and

describes the role of a iogical form in semantic processing' Section 8'2 introduces

word senses and the semantic primitives, and discusses the problem of word-

sense ambiguity. Section 8.3 then develops the basic logical form language for

expressing th. .ont.xt-independent meaning of sentences. This discussion is

exiended in Section 8.4 with constructs that concisely encode certain common

forms of ambiguity. Section 8.5 discusses the representation of verbs and

introduces the notion of state and event variables. Section 8.6 then discusses

thematic roles, or cases, and shows how they can be us.ed to capture various

semantic generalities across verb meanings. Section 8.7 introduces the notion of

surface speech acts and discusses the [eatment of embedded sentences in the

logical fonn. This completes the description of the logical form language, which

is concisely characterized in Figures 8.7 and 8.8. The optional Section 8'8 is for

the student interested in defining a model-theoretic semantics for the logical form

language itself. It describes a model theory for the logical form language and

discusses various semantic relationships among sentences that can be defined in

terms of entailment and implicature.
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Figure 8.1 Logical form as an intermediate rePresentation

tell him the gate number. Thus the sentence Do you know what Sate you are

going to? appeus to mean different things in different contexts'

Can we define a notion of sentence meaning that is independent of context?

In other words, is there a level at which the sentenc e Do you know what gate you

are going ro? has a single meaning, but may be used for different purposes? This

is a complex issue, but there are many advantages to trying to make such an

approactf work. The primary *gutn.ni is modularity, 
_If 

such a division can be

*oOt, then we can study sentence meaning in detail withOut all the complications

of sentence usage. In particular, if sentences have no context-independent

meaning, then we *uy not be able to separate the study of language from the

study oi general human reasoning and context.'As you will see in the next few

chapters, there are many examplei of constraintsibased on the meaning of words

thai appear to be indeplndent bf .ontt*t. So from now on, we will use the term

^roniig 
in this context-independent sense' and we will use the term usage for

the context-dependent .rp.itt. The representation of context-independent

meaning is callid the logical form. The process of mapping a sentence to its

logical iorm is called semantic interpretation, and the-process of mapping the

lolicat form to the final knowledga representation (KR) language is called

contextual interpretation. Figure 
-8.t 

tho*t a Simple version of the stages of

interpretation. The exact meaning of the notations used will be defined later'

For the moment let us assume the knowledge representation language is the

first-order predicate calculus (FOPC). Given that assumption, what is the status
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of the logical form? In some approaches the logical form is defined as the literal

meaning of the utterance, and the logical form language is the same as the final

knowledge representation language. If this is to be a viable approac.h in the long

run, hoJeu.i, it would mean that the knowledge representation must be

considerably more complex than representations in present use in AI systems'

For instance, lhe logical]orm language must allow indexical terms' that is' terms

that are defined by context. The pronouns / andy'ou are indexical because'their

inte{pretation depends on the context of who is speaking and listening' In fact

most definite descriptions (such as the red ball) are indexical' as the object

referred to can only be identified with respect to a context' Many other aspects of

i.*G.,-includin!rthe interpretation of tinse and determining the scoPe of quan-

tifiJrs,iepend on .ontr^t as well and thus cannot be uniquely determined at the

logical form level. Of course, all of this could be treated as ambiguiry at the

loiical form level, but this would be impractical, as every sentence would have

lar:ge numbers of possible logical forms (as in the sentenc e The red ball dropped'

which would have a differeni logical form for every possible object that could be

described as a ball that is red).

But if the logical form language is not part of the knowledge representatlon

language, what is its formal status? A promising approach has been developed in

tiniuisics over the last decade that suggests an answer that uses the notion of a

situation, which is a particular set oicircumstances in the world' This cone-

sponds reasonably *.il to the intuitive notion of the meaning of' situation in

English. For instance, when attending a class, you.are in a situation where there

are fellow students and an instructorl where certain utterances are made by the

lecturer, questions asked, and so on. Also, there will be objects in th1 lecture hall'

say a blackboard and chairs, and so on. More formally' y9u miqtrf 
l!in^\ 

of a

situation as a set of objects and relations between those objects' A very,simple

situation might consist of two objects, a ball 80005 and a person P86' and

;;il;,h. ,i^tionthip that the person owns the ball. Let us encode this situation

as rhe ser {(BALL 80005), (PERSON P86), (OWNS P86 80005)}.

Language creates special types of situations based on what information is

conveyed. These issues will be explored in detail later, but for now consider the

following to help your intuition. In any conversadon or text, assume there is a

discourse situation that records the information conveyed so far' A new sentence

is interpreted with respect to this situation and produces a new situation that

in"fua., the information conveyed by the new sentence. Given this view' the

logical form is a function that maps the discourse situation in which the utterance

was made to a new discourse situation that results from the occulrence of the

utterance. For example, assume that the situation we just encoded has been

created by some preceding sentences describing the ball and who owns it' The

utterance The batl is red might produce a new iituation that consists of the old

siruarion plus the new facr that 80005 has the property RED: TGALL 80005)'

(PERSON P86), (owNS P86 80005), (Rm 
-nooosl). 

Figure 8.2. shows this

view of the interpretation process, t .uiing the logical form as a function between
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situations. The two organizations presented in Figures 8.1 and 8.2 differ in that

the latter might not include a single identifiable expression in the knowledge
representation that fully captures the "meaning" of the sentence. Rather, the

logical form might make a variety of changes to produce the updated situation.
This allows other implications to be derived from an utterance that are not
directly captured in the semantic content of the sentence. Such issues will
become important later when we discuss contextual interpretation.

Even though much of language is highly context dependent, there is still
considerable semantic structure to language that is context independent and that
can be used in the semantic interpretation process to produce the logical form.
Much of this semantic knowledge consists of the type of information you can

find in dictionaries-the basic semantic properties of words (that is, whether they
refer to relations, objects, and so on), what different senses are possible for each

word, what senses may combine to form larger semantic structures, and so on.

Identifying these forms of information and using this information to compute a

logical form are the focus of Part II of the book.
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8.2 Word Senses and AmbiguitY

To develop a theory of semantics and semantic interpretation, we need to develop

a structural modei, just as we did for syntax. With syntax we first introduced the

notion of the basic syntactic classes and then developed ways to constrain how

simple classes combine to form larger ttructures. We will follow the same basic

rttut.gy for semantics. You might think that the basic semantic unit could be the

word or the morpheme, but that approach runs into problems because of the

presence of ambiguity. For example, it is not unusual for the verb go to have

more than 40 entries in a rypical dictionary. Each one of these definitions reflects

adifferentsenseoftheword.Dictionariesoftengivesynonymsforparticular
word senses. For go you might find synonyms such as move, depart, pass,

vanish, reach, extend, and set ot{t. Many of these highlight a different sense of

the verb go.Of course, if these are true synonyms of some sense of go, then the

verbs themselves will share identical senses. For instance, one of the senses of 3o

will be identical to one of the senses of. depart.

If every word has one or more senses then you are looking at a very large

number Of SenSes, even given that Some wOrds have Synonymous senses' For-

tunately, the different senses can be organized into a set of broad classes of

objects by which we classify the world. The set of different classes of objects in a

,.f..ttntution is called its ontology. To handle a natural language, we need a

much broader ontology than commonly found in work on formal logic' Such

classifications of objects have been of interest for a very long time and arise in

the writings of Aristotle (38+322 B.C.). The major classes that Aristotle

suggested were substance (physical objects), quantity (such as numbers), quality

(tu.h as bright red), relation, place, time, position, state, action, and affection' To

this list we might add other classes such as events, ideas, concepts, and plans'

Two of the most influential classes are actions and events. Events are things that

happen in the world and are important in many semantic theories because they

prOuiO. a structure for organizing the inteqpretation of sentences. Actions are

ittingt that agents do, thus causing some event. Like all objects in the ontology,

actions and events can be refened to by pronouns, aS in the discourse fragment

We lifted the box. It was hard work. i

Here, the pronoun ir refers to the action of lifting the box. Another very

influential category is the situation. As previously mentioned, a situation refers

to some particular set of circumstances and can be viewed as subsuming the

notion of events. In many cases a situation may act like an abstraction of the

world over Some location and time. For example, the sentence We laughed and

sang at the football game describes a set of activities performed at a particular

time and location, described as the situation the football game.

Not surprisingly, ambiguity is a serious problem during Semantic inter-

pretation. We can define a word as being semantically ambiguous if it maps to

more than one sense. But this is more complex than it might first seem, because

we need to have a way to determine what the allowable senses are. For example,
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intuitively the word,trd seems to be ambiguous between a baby goat and a human

child. But how do we know it doesn't have a single sense that includes both

interpretations? The word horse, on the other hand, seems not to be ambiguous

even though we know that horses may be subdivided into mares, colts, trotters'

and so oo. Wtty doesn't the word horse seem ambigu6us when each time the

word is used we might not be able to tell if it refers to a mare or a colt? A few

linguistic tests have been suggested to define the notion of semantic ambiguity

*o-r. precisely. One effective test exploits the property that certain syntactic

constructs typically require referencis to identical classes of objects' For.

example, the senten ce I have two kids and George hqs thrle lould 
mean that

Georle and'I are goat farmers or that we have children, but it can't mean a

combination of both (I have goats and George has children). On the other hand

you can Say / have one horse and Geoirge has fwo, even"when I have a colt and

George has mares. Thus this test provides a way to e,xamine our intuitions about

wordlsenses. The word kid is ambiguous between two senses, BABY-GOATI'

and BABY-HUMANI, whereas horse is not ambiguous between MAREl and

COLTl but rather has a sense HORSEI that includes both' This brings up the

important point that some senses are more specific than others' This property is

often referred to as vagueness. The sense HORSE I is vague to the extent that it

doesn't distinguish between males and colts. Of course, the sense MAREI is

vague with respect to whether it is a large mare or a small one' Virtually all

senses involve some degree of vagueness, as they might always allow some more

precise specification.
A similar ambiguity test can be constructed for verb senses as well' For

example, the senten ce I ran last year and George did foo could mean that we

both were candidates in an election or that we both ran Some race, but it would be

difficult to read it as a mixture of the two. Thus the word run is ambiguous

between the senses RUNI (the exercise sense) and RUN2 (the political sense)' In

contrast, the verb kiss is vague in thal it does not specify where one. is kissed'

You can say / &issed Sue and George did too,, eves though I kissed her on the

cheek and George kissed her hand.

In addition to lexical ambiguity, there is considerable structural ambiguity

at the semantic level. Some forms of ambiguity are parasitic on the underlying

syntactic ambiguity. For instance, the sentence Hoppy cats and dogs live on the

firm ls ambiguous between whether the dogs are also hupPy or not (that.is, is it

iuppy cam a;d happy dogs, or huppy cats and dogs of any disposition)' Although

this- ambiguity Aoes have semanti. .ont.quences, it is actually rooted in the

syntactic stt:tlcture; that is, whether the conjunction involves two noun phrases'

(i{uppy cats) and (dogs), or the single noun phrase (Happy (cats and dogs))' But

other forms of structural ambiguity are truly semantic and arise from a single

syntactic structure. A very common example involves quantifier scoping' For

instance, does the sentence Every boy loves a dog mean that there is a single dog

that all boys love, or that each boy might love a different dog? The syntactic

structure is the same in each case, but the difference lies in how the quantifiers
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iue scoped. For example, the two meanings colrespond roughly to the foliowing

statements in FOPC:

3 d. DoS@) & V b . BoY(b) = Loves(b, d)

Y b. Boy(b) rl d. DoS@) & Loves(b, d)

Thus, whiie Every boy loves a dog has a single syntactic structure, its semantic

Structlr€-is ambiguous. Quantifiers also vary with respect to vagueness' The

quantifier c// is precise in specifying every member of some set, but a quantifier

such as tnany,asin Many people saw the accident, is vague aS to how many

people were involved.
You might also think that indexical terms such as you, I, and here ate

ambiguous because their interpretations depend on context. But this is not the

,.nr. of ambiguity being discussed here. Note that the word dog is not con-

sidered ambiguous because there are many dogs to which the noun phrdse the

dog could t.f.t. The semantic meaning of the dog is precisely determined'

Liiewise, the pronoun / may be unspecihed as to its referent, but it has a single

well-defined sense.

While the referents of phrases aIe context dependent and thus beyond the

scope of this discussion, there are context-independent constraints on reference

that must be accounted for. Consider the sentenc e Jack savv him in the mirror '

While it is not specified who was seen, you know that it wasn't Jack seeing

himself. To express this meaning, you would have to use the reflexive Pronoun'

as in Jack saw himself in the mirror. Thus certain reference constraints arise

because of the structure of sentences. This topic will be explored in Chapter.l2'

A very important aspect of context-independent meaning. is the co-

occurTence consuaints that arise between word senses. Often the correct word

sense can be identified because of the structure and meaning of the rest of the

sentence. Consider the verb zn, which has one sense referring to the action you

do when jogging and another referring to the action of opefating some machine'

The first sense is typically realized as an intransitive verb (as in Jack ran in the

parn,whereas the slcond can only be realized as a transitive verb (as in Jack ran

the printing press for years). In other cases the Syntactic structure remains the

sarle, but the possible senses of the words can only combine in certain ways' For

instance, consider Jack ran in the park vercus Jack ran in the election' The

syntactic structures of these sentences are identical, but different senses of the

verb rwt must be selected becausg of the possible senses in the modifier. One of

the most important tasks of semantic inte{pretation is to utilize constraints such

as this to help reduce the number of possible senses for each word'

8.3 The Basic Logical Form Language

The last section introduced a primitive unit of meaning, namely the word sense'

This section defines a languagi in which you can combine these elements to form

meanings for more complex expressions. This language will resemble FOPC'
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although there are many equivalent forms of representation, such as network-

based representations, that use the same basic ideas. The word senses will serve

as ttre atoms or constants of the representation. These constants can be classihed

by the rypes of things they describe. For instance, constants that describe objects

in the world, including abstract objects such as events and situations, are called

terms. Constants that describe relations and properties are called predicates. A

proposition in the language is formed from a predicate foliowed by an

appropriate number of terms to serve as its arguments. For instance, the

pioposition corresponding to the sentence Fido is a dog would be constructed

from the term FIDOI and the predicate constant DOGl and is written as

(DOGI FIDOI)

Predicates that take a single argument are called unary predicates or

properties; those that take two arguments, such as LOVESl, are called binary'

predicates; and those that take n arguments are called n'ary predicates. The

proposition corresponding to the sentenc e Sue loves Jack would involve a binary

predicate LOVESl and would be written as

(LOVESl SItEl JACKI)

You can see that different word classes in English correspond to different

types of constants in the logical form. Proper names, such as Jack, have word

Senses that are terms; cornmon nouns, such as dog,have word senSes that are

unary predicates; and verbs, such as run, Iove,and put, have word senses that

correspond to n-ary predicates, where n depends on how many terms the verb

subcategorizes for.
Note that while the logical forms are presented in a predicate-argument

form here, the same distinctions are made in most other meaning representations.

For instance, a network representation would have. nodes that correspond to the

word senses and arcs that indicate the predicate-argument structure. The meaning

of the sentence Sue loves Jack\n a semantic networklike representation might

appear in one of the two forms shown in Figure 8.3. For most purposes all of

these representation formalisms are equivalent.
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More complex propositions are constructed using a new class of constants

called logical operators. For example, the operator NOT allows you to construct

a proposition that says that some proposition is not true. The proposition colre -

sponding to the sentence Sue does not love./ack would be

(NOT (LOVESl SUEI JACKI))

English also contains operators that combine two or more propositions to

form a complex proposition. FOPC contains operators such as disjunction (v)'

conjunction (&), what is often called implication (:), and other forms (there are

16 possible truth functional binary operators in FOPC). En-elish contains many

similar operators.inciuding :or, and; tf, only if , and so on. Natural langua*9e con'

nectives often involve more complex relationships between sentences. For

instance, the conjun ction and might correspond to the lo-eical operator & but

often also involves temporal sequencing, as in I went home and had a drink, in

which going home preceded having the drihk. The connective but, on the other

hand, is like and except that the second ar-qument is something that the hearer

might not expect to be true given the first argument. The general form for such a

proposition is (connective proposition proposition). For example, the logical

iorm of the senten ce Jack loves Sue or Jack loves Man' would be (OR I

(LOVESI JACKI SUEI) (LOVESl JACKI MARYI)). The logical form

language will allow both operators corresponding to word senses and operators

like & directly from FOPC. The logic-based operators will be used to connect

propositions not explicitly conjoined in the senteflce.

With the simple propositions we just defingd, we can define the meaning of

only a very limited subset of English, namely sentences consisting of simple verb

forms and proper names. To account for more complex sentences, we must

define additional semantic constnrcts. One important construct is the quantifier.

In firsrorder predicate calculus, there are only two quantifiers: V and 3. English

cOntains a much larger range Of quantifiers, including all, some, most ' many, cI

few, the, and so on. To allow quantifiers, variables are introduced as in first-order

logic but with an important difference. In first-order logic a variable only retains

its significance within the scope of the quantifier. Thus two instances of the same

variable x occurring in two different formulas-say in the tbrmulas !'r . P(-r) and

1x. Q@-are treated as completely different variables With no relation to each

other. Natural languages display a different behavior. For instance, consider the

two sentences A man entered the room, He walked over to the table. The first

sentence introduces a new object to the discussion, namely some man. You might

think to trear the meaning of this sentence along the lines of the existential

quantifier in logic. But the problem is that the man introduced existentially in the

first sentence is referred to by the pronoun He in the second sentence' So

variables appear to continue their existence after being introduced. To allow this,

each time a discourse variable is introduced, it is given a unique name not used

before. Under the right circumstances, a subsequent sentence can then refer back

to this term.
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Quantifier
TIM
A
BARE
BARE

Use

definite reference

indefinite reference

bare singular NP (mass term) or

bare plural NP (generics)

Example

the dog

a dog

water, food

dogs

Figrrre 8.4 Some common quantifiers

Natural ianguage quantifiers have restricted ranges and thus are more

complex than those found in FOPC. In FOPC a foirnula'of the form V'r ' P.. is

ru. ir and only if P, is true for every possible object in the domain (that is, r may

be any term in the ianguage). Such statements are -rare in natural langua-ee'

Rather, you wouid say alt dogs bark or most people laughed, which require

constructs that are often called generalized quantifiers. These quantifiers are

used in statements of the general form

(quantifier variable : restriction-proposition body-proposition)

For instance, the sentence Most dogs bark would have the logical form

(MOSTI dl : (DOGI dl) (BARKSI dl)

This means thar mosr of the objects d1 that satisfy (DOGI d1) also satisfy

(BARKS 1 d1). Note that this has a very different meaning from the formula

(MOST d2 : (BARKSt d2) (DOGI d2)

which roughly captures the meaning of the sentence Most barking things are

dogs.

A very important class of generalized quantifiers colresponds to the articles

the wtd a. The sentence The dog barlcs would have a logical form

(THE x : (DOGI x) (BARKSI x))

which would be true only if there is a uniquely'determined dog in context and

that dog barks. Clearly, in any naturai setting there will be many dogs in the

world, so the use of context to identify the correct one is crucial for under-

standing the sentence. Since this identification process requires context, however,

discussion of it is delayed until Part III. Here it suffices to have a way to write the

logical form. The special set of quantifiers corresponding to the articles (or the

absence of articles in bare noun pkases) is shown in Figure 8.4.

More complex noun phrases will result in more complex restrictions. For

instance, the senten ce The happy dog barks will involve a restriction that is a

conjunction, namely (THE x:(& (DOGI x) (HAPPY x)) (BAR'KSl x))' This

will be true only if there is a contextually unique x such that (& (DOGI x)

(HAPPY x)) is tnre, and this x barks.
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Another construct needs to be ingoduced to handle plural forms, as in a

phrase such as the dogs bark. A new type of constant called a Predicate

operator is introduced that takes a predicate as an argument and produces a new

predicate. For plurals the predicate operator PLUR will be used' If DOGI is a

predicate ttrat ii true of *y dog, ttren ipfUR DOGI) is a predicate that is.tr:ue of

*y ,., of dogs. Thus the iepr.i.ntution of the meaning of the sentence The dogs

Dark would be

(THE x : ((PLUR DOGI) x) (BARKS I x))

Plural noun phrases introduce the possibility of a new form of ambiguiry'

Note that the natuial reading of The do'gs bark i's that there is a specific set of

dogr, and each one of them barks. This is called the distributive reading' since

thJpredicate BARKSI is distributed over each element of the set' In contrast'

consider the sentenc e The dogs met at the corner. In this case, it makes no sense

to say that each individual dog met; rather the meeting is true of the entire set of

Aogs. This is called the collective reading. Some sentences allow both inter-

pre-tations and hence are ambiguous. For initance, the sentenc e Tvvo nten bought

a stereo can mean that two men each bought a Stereo (the distributive readin-e)' or

that two men bought a stereo together (the collective reading).

The finat constructs to be introduced are the modal operators' These are

needed to represent the meaning of verbs such as believe and want' forrepre-

senting .tense, and for many other constructs. Modal operators look similar to

logicJoperators but have some important differences. Specifically' tenns within

*,1 s.op. of a modal operator tuy huu. an interpretation that differs from the

normal one. This affects what conclusions you can draw from a proposition' For

example, assume that Jack is also known as John to Some people' There are two

word senses that are equal; [hat is, JACKI = JOHN22. With a simple proposition'

it doesn't matter which of these two constants is used: if (HAPPY JOHN22) is

tnre then (HAPPY JACKI) is true, and vice versa. This is true even in complex

propositions formed from the logical operators. If (OR_(HAPPY JOHNI) (SAD

JOHNI)) is rrue, rhen so is (oR (HAPPY JACKI) (sAD JACK1)), and vice

versa. The same proPositions within the scope of ra modal operator such as

BELIEVEI, however, t no, interchangeable. For instance, if Sue believes that

Jack is happY, that is,

(BELIEVE SUEI (HAPPY JACKI))

then it does not necessarily follow that Sue believes John is happy, that is'

(BELIEVE SUE (HAPPY JOHN22))

because Sue might not know that JACKI and JOHNZ2 we the same person' Thus

you cannot freely substitute equal tenns when they occur within the scope of a

modal operator. it i, i, often referred to as the failure of substitutivity in modal

contexts.
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An important class of modal operators for natural language are the tense
operators, PAST, PRES, and FUT. So far all examples have ignored the effect of
tense. With these new operators, however, you can represent the difference in
meaning befween John sees Fido, John saw Fido, and John will see Fido, namely
as the propositions

(PRES (SEES1 JOHNI FrDOI))
(PAST (SEESl JOHNI FIDOI))

i(FUT (SEESI JOHN1 nDOl))

You can see that these are modal operators because they exhibit the failure of
substitutivity. For example, consider the operator PAST, and assume two con-
stants, say JOHNI and PRESIDENTI, that are equal now, indicating that John is
curently the president. But in the past, John was not the president, so JOHNI did
not equal PRESIDENT1. Given this and the fact that John saw Fido in the past,
(PAST (SEES1 JOHNI FIDOl)), you cannot conclude that the president saw
Fido in the past, that is, (PAST (SEESI PRESIDENTI FIDOl)), since John was
not the president at that time. Note also that a proposition and its negation can
both be true in the past (but at different times). Thus it is possible for both the
sentences John was happy and Johnwas not happy. to be true; that is, (PAST
(HAPPY JOHNI)) and (PAST (NOT (HAPPY JOHN1))) are both urue.

This completes the specification of the basic logical form language. The
next sections discuss various extensions that make the language more convenient
for expressing ambiguity and capturing semantic regularities.

8.4 Encoding Ambiguity in the Logical Form

The previous sections defined many of the construcrs needed to specify the logi-
cal form of a sentence, and if you were interested solely in the nature of logical
form, you could be finished. But representations for computational use have
another important consffaint on them, namely the handling of ambiguity. A rypi-
cal seritence will have multiple possible syntactic structures, each of which might
have multiple possible logical forms. In addition, th'e words in the sentence will
have multiple senses. Simply enumerating the possible logical forms will not be

Practical. Rather, we will take an approach where certain common ambiguities
can be collapsed and locaily represented within the logical form, and we will
develop techniques to incrementally resolve these ambiguities as additional con-
straints from the rest of the sentence and from context are brought into play.
Many researchers view this ambiguity encoding as a separate level of representa-
tion from the logical form, and it is often referred to as the quasi-logical form.

Perhaps the greatest source of ambiguity in the logical form comes from
the fact that most words have multiple senses. Some of these senses have
different structural properties, so they can be eliminated given the context of the
surrounding sentence. But often words have different senses that have identical
structural constraints. At present, the only way to encode these would be to build
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Box Non-Fee Amendment
ASSISTANT COMMISSIONER FOR PATENTS
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WASHINGTON DC 2023I

Sir:

Transmitted herewith is a preliminary amendment in the above-identified application.
I I Small entity status of this application under 37 CFR 1.9 and 1.27 has been establir

previously submitted.
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* EF H

€TH
f\)-

t$"&tis losed.tl
tlI]

t
t

'ri
Respectfully submitt.dd,

John J, Mepserly et al.
snsoANTlb;RRvLri'

Law

OTHERTHANA
SMALL ENTITY

\Main\wpn\MICROSOFT\661 005\500\5 l2\Forms\l 083.doc No.

Page 260 of 364



ffiffiq
L\-f,-u

Av/\U )1ttl T4
nor"*rQ/fi \"

is being deposited *r?/67f

Julyf, 1998

ressed to the Assistant

John J. Messerly et al.

08/886,9 14

March 7,1997

INFORMATION RETRIEVAL UTILIZING SEMANTIC

REPRESENTATION OF TEXT
. anAl. Lt+l

: 661005.512

: July 7, 1998

Date

Applicants

Application No.

Fiied

For

IN THE LINITED STATES PATENT AND TRADEMARK OFFICE

Art Unit

Docket No.

Date

i
r b; tJ
i

tr

C.:

({3
{:)
{*

It

tu"] '. "i
j r{

Assistant Commissioner for Patents
Washington, DC 20231

S UPPLEMENTAL INFORMATI ON DI S CL O S URE S TATEMENT
Sir: ; ,j.
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SDL:brg
Enclosures:

Postcard
Form PTO-I449
Cited References (4)

6300 Columbia Center
Seattle, Washington 9 8I0 4 -7 092
(206) 622-4900
Fax: (206) 682-6031
wpn/MSi66 I 005/5 I 2/Forms/SuppIDSCoverSheet

v

nz
Registration No. 37,37 6

Page 261 of 364



Sheet 1 of I

,. DEPARTMENT OF COMMERCE
fAIENT AND TRADEMARK OFFICE

ATTY. DOCKETNO.

661005.5r2

DISCLOSURE
several,sheets if

$
N
\
\

APPLICATIONNO,

081886,814

John J. Messerly et al.

FILINGDATE

March 7,1997

FILINGDAT]E

IF A?PROPRIATE

FOREIGN PATENT DOCUMENTS

0 304 191 A2

0 304 191 ,A.3

0 386 82s A1

0 687 987 /'1,

OTIIf,R PRIOR .lrRl (ncluding Author, Title, Date, Pertinent Pages, Etc.)

DATE CONSIDERED

8lz4,{flnfr*or"n &":
* EXAMINER: Initial if reference considered. whether or not criteria is in conformance with MPEP 609. Draw line through citation if not in

conformance and not considered. Include copv of this form with next communication to applicant(s)

Page 262 of 364



Gytzlvl

r\]
e}a

\.o
l0

;rt
f")c)
-It
-b
t\)
ro

f:T1

rn
d-
fl(3

PA
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Sir:
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make known to the Patent and Trademark Office the reference set forth on the attached form

PTO-I449 (a copy of the cited reference, as required under 37 C.F.R. $ 1.98, is enclosed).

Although the aforesaid reference is made known to the Patent and Trademark Office in

compliance with Applicants' duty to disclose ali information they are aware of which is believed

relevant to the examination of the above-identified application, Applicants believe that their

invention is patentable.
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cited in a cofltmunication from a foreign patent office in a counterpart foreign application not
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PROBABILISTIC METHODS IN DEPENDENCY GRAVfMAR PARSING

Job M. vu Zuijlea

BSOtRescarch
P.O.B, 8348

. NL-3503 RH Uucchr
Thc Ncthcrlards

e.marl; zuijlen@dlt l.uucp

Junc 1989

ABSTRACT

Authcntic text as found in corpon cannot bc descriM complc&ly by a formal
system, such as a s€t of grammar rulcs. fu robust parsing is a pnnquisic for any
practical nenral largrnge prucssing systcm, therc is carrainly a necd for tcchniquer
tlat go bcyond mcr€ly formrl approaches. Various possibilides, su6h as the rrsc of
simulatcd annealing, havc bcen proposcd rcccntly and we have lookcd at rhcb suiubil.
ity for thc parsc proc€ss of the DLT machinc tnnsliation systcm, which will r.r.re a
largc stnrured bilingrul corpur rs ic main linguisrk krorvlcdgc soocc. Our findingr
are ftat parsilg ,is not tie typc of task tlat should bc ractJcd sohly rJrrurgh simulatcd
anncaling or similar stahasdc optimization Gchniqu€s but tlrar a conmllcd apptica-
tion of probabilistic mcthods is csscntial for the performance of a corprs,bascd parscr.
On thc basis of our cxplcmrive research we havc planned a number of small-scalc
implemenudons ln fic rr.ar future,

l. Introduction

Usually a parser is viewed as a progran that takcs a s€ntence in a paniarlar language as irs
input and deliven onc or morc analyses for thar scntcnce. This is no different in rlrc prcsent
protorype of DLT (Distributed Language Translation), a mulilinguai translarion systed under
develspmstt at the Dutch sofiware house BSO. ln the prototlpe, we use an ATN-parser rhu
deliven all syntactic uralyscs of an input sentencc in he sourcc langr,ragc (SL). Each anaiysis
undergoes surrcDrral and lcxical uansfer rcsutting in orr or morc Erg€r language (TL) recs.I
In order to limit tltc size of fic ATN, we haye used Technical Englislr as drc basis for our
grdmmar. 'Ihis rlpe of En$ish has bcrn spccially desigred for writing rcchnical manuals. [t
has cenain limigdons, such as thc number of verb forms to be us€d. tlre number of elemens
tlut may b"e coordinatcd, s€ntence lengh and the likc. Nevertheless, it proves to be very difn-
cult to specify a complet! Smmmar, let alonc fonnularc gnrnmar rulcs. Morcover, even wilh
such a limited Srammar wc have n deal with lhc combinatorial explosion due o the garsing of
ambiguous sentcnccs.

I tn frcl DLT coruiru of two repuru but rirniln uurluion pmcetr€. Tlx furr unrhrr thc SL ino
thc IL DLT's Espauto-bucd Intrrnredius L.rngurgc; rhc scond rnrlrar &on ric IL ho rhc TL.

.142. lntematlonel P arcinE Worl<shap'89
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A rypical cornplicauon of a canslarion system is that, apart fmm rhc SL $ammar for drc
parscr, we necd a $?lnmar for TL generation Uld a conu"sdve gnmmar (meauxls) to link
souncc and target language. Then, thell are th'le dictionaries, one fof cach language and one
tbr the langrage pair. Finally, semandc informadon has ro bc includcd. On a pmrotypc scalc, ir
is alrcady difficull to mainuin coruistency between the various knowledge sourcos, bur for a

large-scale indusuiai version this is almost impossible.
'Iwo rcccnt inventioru by membcrs of rlre DLT research team have conuiburcd ro thc solution
of thc complicarions rnendoncd prcviously. Vur Zuijlen (19t8) has introduced tlre Stnrcturcd
Syntactic Network (SSM to achieve the compacr rcprcsenadon of all dependency-D'pe ana-
lyses of a sentencc in a sin$c strucrure, Thc probicm of consisrency of knowledge sourccs has
trccn tacklcd by Sadler (1989), who has proposcd tlu Eilingual Kno*tedgc Benk GKB), a

large strucrrxed biirnpal corpus. It contairu for each sentence tlre prcfcrrcd syntacric analysis
and translation in tlre given contexl as well as c€nain orher rcfenndal and co-refercnrjd infor-
madon. fui important strucrural element is the Translation Unit (TtI), a dependency subtree for
whrch there is a non-compositional ranslation, e.g. exprcssions likc kick thc brckct

The introduction of thc BKB places the variou processcs commonly found in a translation sys.
tem (parsing, strucilral transfer, sernantic evaluadon, generation) in a differcnt penpective. Wc
will not deai here witi structural transfer and gcncrarion but correntratc on the consequcncts
for the pars€ process, which will bc dealt witi in a number of sections:

- lingristic thmry and rcprcsenmdon;

- interfacing pa$cr and BKB:

corpus-based parsing

' probabilisticmethods,

We conclude with a few rcmarks about nscarch wc have planned for thc near fururc.

2. Linguislic Theory and Reprrsentatlon

The tinguistic theory used in DLT is Dcpendcrrcy Grammar, orr of rhc lcs frcquently uscd
lormalisms in narural language pocessing pmjccts (sce Schubcn (19t7) for a discussion on iu
.suiubility for rnachine Fanslation). Ttre dependcncy gramruer of r language describcs synbc-
tic rclations or dependencies betwecn pain of wor(s. The rclation is dirccted, i.e. one word.
the governor gov€ns (dominatcs) trc othcr, ths dependenl. ln gcncrd, thc dependcncies range
tuver word classcs (syntractic categories) rather thln spccilic words. A nscful fearurp of depen-
dency g?ammir is that the rcsulting uralysis may be uscd directly by the scmmtic componcnt
of the rra$ladon system, i.e. a single type of Epr€scntation sufficcs for all processcs in thc
systcm.
'Ilte syntetic rclatiors in deperdency grannrr arc derivcd from rhc functlon of a wod in thc
s€ntence. For exanplc, mdn B ttrc subject of watlcs in The nan walks. lt is imporunt to rcalizc
$at dependerr,y grammar is primarily concemcd wirlr words; tlrctt arc no phrasd carcgorics.

A dependency trec has a geometry tiat is quitc differcnt ftom tiu of a'corutitucnt urc (Figuc
i ). Notice thu in r cofrsdruent tne nodes art either phrasrl or lcxical. but hat in a depn
rlency trec rndcs are always lexical. Thc branchcs of r dcpendetry uec alt labeled with syn-
tacdc relations. A dcpcndcrrcy ree is not ordercd, which mcar6 that a particular rclarion is
only delined by tttc govcmor and he dcpendent and not by tlc position of the dcpcndcnt with
respect n o$er <lependents. tn hc examplc word order does play a rolc to idcntify ttrc subjca
rnd the object of the sentence but ordcr is not reflected in the rcpascnution

ln order o facilitarc the interfacing berwcen rhe BKB and rhc parsc proccss (sce Section 3), we
usc an alternative repnsentadon, which we wrll afer ro as a Dependency Link

.1{t- lntematlonal Paning Wo*shop'89
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lnc alz{

N

boy

Figure /. [r] dependcncy rrcr and tb] corutituent ree for frc sentence The boy sces the oA

man.

ntrf SUBJ

the boy sees che old nan

Figure 2. Thc dcpcndcncy link rcpnscntadon of Thc boy tees thc old nun.

- Reprexnlatlon (DLR). A dependency link consiss of a tovemor. a dcpcndcnt and their rcla-
, rion. The lir* is pmjecuve, i.e. it ukes the position of Sovernor and depndent witlt Espect t0

each ofier inn account. We obuin a graphical Gprcs€ntation of a DLR by writing down the

senrence as a Unear stnng of words and hen draw the depcndencies as arcs (Dependency

Links) connecrinB rie words. Figure 2 shows tlr dependency linl rcprescnudon of The boy

sces thc old rnan.

the boy gees the old man viLh a lelescope
Ftgure J. The depndcncy link rcprcsentation of Thc boy scet thc ald nlr,nwith a tclcscopc'

The DLR shown in Frgqrc 2 has Ure samc Eprcs€ntativc ppwer ae a dependency trcc. How'

ever, in Contra5t tO e U!e, cOnncctions in a DLR arc by rcfercncc and, aSia cOnscquence. it is

possible ro reppscnr dircoed graphs as well. Graphs are a mcans to reprcs€nt multiple andyses

of , *ntrn., in a singlc rEpfescntation. Thc ideas behind such a EPrcscilation for dcpendency

grammar, rhe SSN, 1i Oisiussel in Van Zrijlen (t9tS). Thc depcndency link mal h Yicwed

ir u .o**on building brick for trecs as well u SSNs. This is shown in Fipn 3 whcrc ec sce

the two analyses lor Thc boy sces thc old nan with a rclcscapc in a single DLR. By sclecting

eirher rhe Ur* rnan.ATR2.w,ith or rccs{lRC-wr'ti we obtain hc rcspestive interprctadons. Thc

sa of dependency links fiat cOrsdrute orr intcrprctation is callcd an ensemblc'

.r4iL Intematianal Pasi ng Workshoq' 89
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J. Interfacing Parser end BKB

As ttrc BKB is rlre only source of lingrisric browledgc in t}te DLT rystem, interfacing betwecn
the BKB and each prccess is needcd. In t}tis seclion, wc will grve r brief skerch of how rhe
inrcrfacing between parser and BKB is organized. The BKB is bilingral. bur the pascr has

only to dcal with he SL sidc of rhe BKB. lt is converuenl thercforc, to view it as a large
depcndency trce banl This tree bank contairu the depndcncy uccs of a large numhr of scn-
tcnccs. wit}t each dependcncy trcc consisting of one or more trarslation units. Thc TUs have
no direcr significancc for de parser, but it is nnponant to e$ablish wfuch TUs arE containcd in
the input scntencc. This is done in tie followtng way.

Aftcr recognidon of a word in fie input suing the TUs of wNch ir is pan are rcricvcd from
the BKB, fie parser does not dcal with thc TUs dirccdy but intcrprcts hem u one or more
dependency links. For each word therc is a (possibly ernpty) sct of DLs Uat eitller govem or
depcnd on thc word, By combtning DLs into ens€mbles we oilain dependency rees the pro-
jectlon flinearizailon) of which hu to match lhc input string. So parsing is not carried out by
parsc rree consrrucrion guided by tl|e input suing but by matching the input sring with thc pro-
jcction of a pane rec synthesized fiom dependcncy linls (Figure 4).

lnpuc rErlng

Figurc 4. Parsing with a lreebank. The words in tle input suing control hc rcuicval of TUs
from thc BKB. Each TU consisu of a numbcr of DL,l rrhich rrc uscd to synhesiz! en analysis

trcc. fie projection of this tne should match he input sring

The dcpndency lints that atr "used" for rlrc analysis (in FigUn 4 connccted witl he analysis

trec by doned lines) select in rum rhosc para of rhc TUs retricved from thc BKB that arc

rclevant for the tnnslation of thc input string.

.148 lntemailonel Parsing Warl<shop' 89
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{. Corpus-Based Persing

An imponant requirBment for thc patse process is that the analysis resuit matcfEs with the
BKB' such fiat it may be synuctically as weU as semaftically evaluared. In rhar rcsp€cr the
use of a slructured corpus has a number of advantages^

( l) the coverage of *re parser is such that all lingr.risric phenomena in the corpus will bc dcatr
wirh;

(?) the syntactic knowledge rctricvcd frorn hc corpus on a panicular irem is coruisrenr witlr
oh€r types of knowledge:

(3) since various llTcs of knowledge arc available simultaneously, incremental evaluation of
(partial) analyses is relarively simple.

This is evident for input sentenc€s that arc titerally prcsenr in rhc BKB and for which - in a
mrnfler of speaking - dircct panem maiching is possible. Howeveq we want 19 extend hc cov-
erage beyond that and, tiercfor!, wC havc done some cxplorarive res€arch in rhe field of
corpus'based parsing, primariiy by reviewing work of others in thc lighr of our specific nerds.

Recent work in corpus-based parsing hu a common charactcristic. A paned corpus is uscd rs
a source of linguistic knowledge and pmbabilistic mehods are us€d to anive al u analysis.
Basically, pats€ rees are randomly gencrated untii tre optirnal parsc tree is found with rcspecr
to an evaluation measure based on comparison of he panc rrce with thc corpus, Robusmes is
guaranteed since, whatevcr the value of he evaluadon, ort of rhe uralyses will be bcncr than
ail othErs. The search space associacd with rhe investigation of all possibte parsc trecs for a
sentence is very large ard, thercfore, Ftraigh,sampson & Atwell (l9SS) apply simulared anneal-
ing in $cir Annealing Faner for Rerlisric tnput Langrrage (ApRIL) as an efficient way ro find
this optimal parse u?e for a complerc s€ncnce. Atwell, O'Donoghuc & Soutcr (1989) havc

". developed the Realistic Annealing Paner (RAP) which alrc uscs simuiarcd anncaling bur wo*s
. incrementally, hus reducing the search space drastically. Borh projeca evaluate dre rcsulting

trces with corpts information, either in $c form of a trec bank (Hajgh et al. 1988) or firs.
order rccunive Ma*ov chains (Arwell et al. l9B9).

Comparing APRIL and RAP thows that a slightty diffcrcnt approach to dr same problem
already resrlls in a large reduction of Urs scarch spacc. This justifies the quesrion whether
simularcd anncaling is really a yery suiuble techniquc, lf we examine trc litcrarurc on that
point (e,9, Aarts and Korst 19t9) we find that the pmblems for which ir is successfuIly applied
are 0f the "traveling salesmul" tlTc. in other words, problems that are highly unsmcrured and
have a large serrch space which is defined in actvancc. Thc search space coruists of rhe dis-
tances associated witi all possiblc toun. Thcre is a clear rclation bctween a rour ard thc tonl
distmce: jt is obtained by summadon of tlrc disranccs of each pair of connected cities, Thc dis-
tance is always dcfincd berwcen two poins and it can bc measured: tierc is no conliguration
of cities for which no soludon can bc found. The scarch space may bccome very large urd
similtated annealing serves as a means to investigarc it efliciently.
At fint sight, paning a languagc seems to h a similar problem. We have a number of words
(cities) and, in thc case of a dependency grammar reprcsentation, we have to nnd optimal con-
nccdons between fiern. For each connected pair of words we computr the grammaticaliry of
tie connection (disunce) by cornparing it wirh dr linguisric information we have availablc.
Herc thc pmblem smns. Thc "synlactic dirtance" cannot be calculatcd nraighrforwrrdly but has
to be approrimated on a pmbabilistic bosis, c.g. by counring tlrc numbcr of occurrcnccs of rlc
Padicular rclarion in a corpw. If the rclation never occurs it is not possibte to say anything
sensible about the disnncc. We might asign a default value to iL bur rve have m csrtainry that
it contributes lo an optimal solution This in conua$ with rhc "tnveling salesman" problem
where a long distance bctween two points does not excludc the connecdon fiom being pan of
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the optimal solution.

The ternporary acceptance of "odd" construcdons in simulated annealing pars€ni is motivated

by rtre fact that during he scarch of a new soiudon trc currcnt solurion is changed by means

oi a number of primidve modilicadoru which may lead rc irucrmcdlary resulb which atc nol

well-formed. The acccptancc of these results doesn't depend on their leading lo a solution

which may bc evaluarcd by comparing it widr the linguistic informadon available but on a sto'

chastic funcfion rhat sutes the probabiliry wirh which a "bad" rcsult is to be accepted. What is

missing is t5c obscrvarion tlrat language is strucnrrcd and enables prcdictiots on the basis of

availablc partial informadon. So insrcad of a random waik (or unguidcd city tour) ir is possiblc

ro setect rhose transformatioru hat are most likely to lead to an optirnal soludon.a

A corpus is vcry us€ful to make such prcdicdoru and if we intcnd o usc frc samc corpus for

rhe evaluation of the solutions we havc rhc ccrrainty that we only genente ttpse solurioru that

are verifiablc.

Again we may obsenre a differencc wirtr tfre "traveling salesman" problcm. Thc latur has a

priO.Rn.A sotution space and it is euy to specify primitive traruformatioru that will lcad fmm

. one solurion to thc otlpr. In thc case of paning hc solution spacc is not prcdefined but har to

bc generatcd on the basis of rhe lingristic infonnation availablc. This is either a s€t of graro'

mar rules or a trcc bank based on a paneJ corpus.

Soutcr (l9Sg) discusscs how difficult it is to cxprcss thc grammatical informuion containcd in

a such .orpur in a limiad number of rules. Ln fact. thousands of rules are treded, many of

whiqh are only applied once or twicc, He obscrves a closc rescmblancc bcrween a ruic'

frequency c,rrut {1d tlre more familiar word-fiequcncy alrve (Zpf 1936). Thesc fuldings suP

pori trr iCca that tlrc uzual grarnmar wirtr a few hundrcd rules is not Yery adequatc and may

tonnin "gaps". Also, our expcricnce wirh the DLT prototype has made clear o us dur a rulc'

Uascd apfroach has unaceprable limitadors. Still, we are not convinccd that it is neccssary lo

appty siadsrical optimization all $e rime whcn a corpus is uscd to find thc corrcct analysis.

Wiren dealing witir input that is covercd by rfrg corpus tfie laner may b? vicwed as large set of

rules and a solution wilt be found in a straightforwad. efficient nanner. Ncvenhcless. $tctt is

room for probabilisric metlrods and in the ncxt secrion we will discuss some applicatioru.

5. Probabilistic Methodt

It should bc clear fmm ttr discussion in rhe previous secdon hat probabilism is onl_y uscful

whcn it is applied in a contmUed way. For thc panrc pft,ccss in a BKB'based DLT system

there arc duee application areas:

. hurdling input ennn and unruual input;

- rcsuicring thc number of anrlYscs;

- ordering of altcmatives.

We will discrss cach of these areas in thc foUowing subsccdbns.

5.1. Incorrect and Unusual Input

Paga7ol1l

As far as rhc pa6cr is conccmed incorrcct and unusual input rclate to inPut for which no

acc€pufile solution can bc found by sfaighrforward ma6hing with t]rc BKB' Th€ main differ'

ence is that if *re input is incorrcct the uscr should be corsulted for ctarificarion. If thc input is

unusual a solution should prcfenbly be found withour asking. Thc border besecn the two is

2 h RAJI (Arwcll cr rl. 19t9) rlrc rrrr of convagcncr ir inpovcd by innodrring r birr owu& thc

urnrformuion of low-vdrrd purr of thc Ecc.
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derermincd by thc fact whether it is possible n 6nd a single uralysis that marhes with tltc

BI(B.

The ability to prlcess dcviant input is a rcquirement for any robust pars€r, tn RAP andAPRE

rh.is is achieved by always genenrjng a parse uee, even if the result is implausible. For our

applicadon rhis will nor do. Each analysis rhould match with thc BKB. othcrwise ransluion is

nbi possiUle. tf such an analysis cannot be obtaincd the parser sirould try and frrd out what is

wrong and, if nec€ssary, qonsult the user - preferably by rnaking some scnsible $ggestions.

5.1.I. Input Errors

lnput enors may be of variou5 lyp€s whj6h ask for differcnt apprcaCheS, However, a general

principle is thar we need to know whar he "con€ct" version is in order to say something sensi-

ble about the deviarions. This is a severc rcquirrmenl, but if an enor has only local conse'

quences and if rhere is enougb sunounding contexr it should bc possible lo dercrmirE tlc causc

,:f lhe deviadon.

Since enor analysis may need a combined effon of differcnt lcnowledge sources, the BKB

. appmach seems to bc ideal for intelligent effor hurdling. Sorne typcs of crron we rnay con-

sider arc:

(l) word form enorsl

(.2) synlacric deviadonsl

(3) spetling mistakes.

Ermn of b1pc (l) or (2) are rclatively easy to dcacr by comparing he input to thc linguistic

information available, An intcrcsting method to deal with zuch Sratnmadcal cnoni has becn

suggested by Chamiak (19S3). Ln a rule-bascd parscr a rule for which one or more atomic tesg

1.tl ,gr..*cnt) fail is not applied. By modifying hc tesu it is possiblc o assign a kind of

rpfticaUitiry measurc to a rule. lrutead of rclurning simply ''yesn or "no" each tesl reftrils e

value that is addcd ro tlr current value of tlrc applicability measure if thc test succeeds and

subtracted if the te st fails.

Chamiak's proposal is also vcry us€fuI when a gfammar iS based on a csrpus' For irutance' it

could bc rhaq considering rhelr word class, two words have a rcladon but that there is a

rnismatch between their fearurcs. An example is lhc by sec ilr. nlurn, in which subject'verb'

rgreement il viotatcd. However, by establishing that the boy could be a subject and tha sce

rakes onc and that complerc fcarure unificaton is not possiblc thc Pars€r clasifies the enor'

fhe user will then be corsulted for clarificuion; e.8. by bcing pr€ssnted two colrecl altema'

tives one of *hich must bc chosen:

(a) The boys see thc old nwn

(b) The boy sca hc old naa

By using corpus informarion a likclihood value could bc asigrrcd to each altemalive, which

may Oe iecisive if one altcmadv€ rurns out lo 6. far morc plarsible than any of thc othen' in

whi.ch casc uscr corxulurion is not needed.

Tlere arc enon that cannot be dcscribcd on the basis of fcarurcs or 'syntacric stn8rures, but

rnay be solved by using knowledge on individual words or ticir rcliations. In suth cases a

corpus.bard sysrem is iuperior. { typicai examplc is a missplled word, such as /az' which

migtrt be fcz oi fox. By taking thc contcxt inro account urd comparing it with corput informa-

rion the s€lecdon of one or he other altemadve is supprad. compare:

(a) In Morocco men weor a c$tut and a foz'

(b) Thc foz hunu u night.

.14&, tntamattanat Pa*ing WorkshoP'89
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The conrexr in (a) poina ro the interpreradon /az, whercas hc context in O) points to t}le

interpretadon /or.

5.1.2. Unusual lnput

tnthissecdonwewiushowbymeansotasirnplcexampiehowuscofacorpussupporuth€
f.t*Ai.g "f 

unuual inpur Wi mentioned earlier that in dcpendcncy grammar dcpendencies

,*g, oi., word classei. Thcrc arc cases, however, ln which a word has a syntactic function

,f,uiir n6a typical for irs word clas' Nounsi SUch 3s wcek, nunth tnd year' may bc used as

dme adverbials. aS in I sax, him last week. We don't want lo cail week an adverb beCause it

canngt p€rform the sarne functioru as an adverb' On Or othet hand. we don't want to exrcnd

fhc functions that are possiblc fgr nouns because only a smali numbcr of nours may & ustd in

the same waY as weck.

ln a rule,based pang categories are used to fonnulate some general disuibutional criteria. as ir

is not feasible to stare for a each word rhe synt{cric functions it may perform' Such informa-

don is. however, available tn a corpus. Wc rnay find:

(l) He cane last week.

(2) t havc'had d verY bad week'

(3) A wcek is emugh n finish rhis job,

Frorn tlre availablc parsc rrccs we derive rhe distribution of wcck in terms of goveming or

O.p.n{ing rcladoru. No* ,uppo* that we have the input scnCne Hc arrivet nr5t mo^th' but

*ut we don't have direct cvidcncc irlat noruh could pe rform thc samc fiurdon s wcek in ( 1 )'

The parser wiu then cornparc ttre distriburi on of mofih md wcck, in order rc establisti if thcy

arc ued in tfie same "ri, ii. rtlow syniactic synonymity, T|3 mo6 coil?sPondence is found'

the higher tlrc probability tfiat nwnrh may indced bc used as a dmc advefiial.

The method to esublish tlre possibilily for nonth O !g uscd as timc advcrbial may dso bc

applied in other cases. Thc syntactic context of a word may suggest a funcrion or even word

class for which therc is no direct evidence. For example.in Hc compurcrs all thc nmc thc noun

computer is used as verb. From tre corpus wc mly deducc nal in English "any rbun may be

verbed" and $at the usc of compwer 6 l verb is accepuble'

5J. Restrlcting the Nurnbcr of Altcrnativer

An exhausrive pafscr oftcn generatcs altematives witttout taking aspects of lan8ulg? usc lnto

accoun1 For a sysrcm rhat featurcs user intcracrion tttis Gsults in asking tltc u*r quesdons

abour alrcmariycs hat arc munter.intuitive. ConsidCr, for erample'

Daily iwpcctioru sltoud bc pc(ornud.

Herc daily modifies iwpectiors and although it couid m{ify the ve$ in rl alrcmative

analysis, tiris intcrpreUtion is only evident vhen daily is placed al thc end of tln scntencc:

Inspcctbrs slnuld bc pcrformcd daity. 
l

This is an cxamplc in which a corpus could be ucd ro limit thc nurnber of possiblc analyscs

and, thus. assist thc sysEm to bchave seruibly in the cyes of thc user'

The facr that gre corpus somctimes extends and sornctimcs rcstricts thc numbcr of possible

interprcudons indicatcs that thcre is an important lexical innulncc 
in syntax which.causcs

words lo behave differcngy from wtur *. ixp..t. corsidering thcir word classcs' 'Ilds rug-

gesB that a strict separarion berween synuu and scmentics (or at lcast langragc usc) is not pos'

sible in rhc casc of "realistic" language. The acceptability of ccnain distributioru carunt bc

expiained synucticaily; therc is no reuon why onty spttific nouru may serve iltt advcfiials'

By $e same token, lherc is no rcason Io elclude tome Porcntial analyses othcr thut by
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5J. Ordering Alternatives

An interao;.,e ranslation system will have to deal with altcmative analyses of the SL s€ntence.

even if some of them may be excluded in advance. Particularly in tfu case of cccrdinarion or

post.modifier sequences there may by a number of alrcrnalives $at have to be nken into

i..oun,. By using rhe graph representation we inuoduced in Section 2 it is possible to

repr€sent the alfematives in a compact way. Therc arc various techniqucs to prcvent tc cOm-

binlorial explosion caused by rhc gencration of thc altematives (see c.g. Tomita 1985)' but

rhel we arc i.ced wirh rhe pioble m of evatuaring hem efficicntly. We intend to solve this in

the following waY.

we srart wi*r the incremental generarion of all depcndcncy links that arc pan of onc or more

of the porential analyses, resulting in a DLR of tlre inpuc The DIA that constitute fie best

analysii according to a given cvaluation ftnCtion an madc Nclive, all othcrs arc madc dor'

rnant. tf the multiplc analyscs arc caused by strucrural ambiguity' such as dtcmadve altach-

ment poinrs, dren a simple fiansformation sufticcs n generate an allernadve analysis. ln Fig-

ure 3, for examplc, the acdvadon of DL man-A'tTt2-wt/t and the deacdviidon of DL sccs'

CIRC.wrd or vice vena rcsults in an aitemative analysis. So, I transformation is performed by

activating/deactivailng of a pair of DLs with a common depcndent-

Ihc sct of DLs wirh a common depndent forms a cholcc polnt. Oniy DLs that art elements

of choice points wiU have to be considcrcd in ure scarch for alternatives' To oder the dteme'

tives. hat is to find $e second be51 given the cumnt opdmu111, it may bc necessary to perform

more tian one transformation wirhout knowing whn the scquencc of transformations is. If
rhere is a large number of choice points, sysc;atic evaluation of all analyscs is not feasible

and a stochaitic optimization technique is necessary, In conra* with the paning of ubirary

input. such a technique is appiicabli here since cerutil requinmens are met (Aarts. & Kont

tqgg: tm). The solution space (i.e. a represcntation of all possible sotutioru) is given by the

DLR and rhere is a primirive rarsformarion (the activatiorVdeactivuion of a prir of DLs) to

generate an altemativc solution. All the same, h vcry simpte CaSeS it iS benCr to evaluate and

iompa* altemadves directly. In view of rhis, it is advansgeous to have ut adaptive optimiza-

tion technjque that is ablc to selcct thc most €fncient suatcgy.

6. Future Work

Thc rcsulf of our explorative rcsearch has been that we s€e many.intercsting aspcc6 incorpus'

bascd parsing in connccrion wirh probabilisric methods. Howcver, application in a Bl(3'bucd

DLT system asks for an approactr rhat is differcnt from rctatcd proposals by othen' Thereforc'
we have planned a numbcr of small.scalc implcmenndoru in ordcr to find out to what extent

rhE vuious i&as and suggesdons put forvad in this papcr are indeed feasible'
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Election/Restriction

1. Restriction to one of the following inventj-ons is required

under 35 U.S.C. 72Iz

-2-

Claimst-2Iaredrawntoamethodandcomputerreadable

medium for identifying passages of a first body of text

relating to a passage of a second body of text vra

logical forms of semantic relationships' classified in

class '704, subclass 9.

Claims22_4l,drawnto.amethodandcomputerreadable-

mediumforgeneratinginformationretrievaltokensfrom

an input string, classified in class 707' subclass 530'

Claims 48-54, drawn to a method, a computer memory' and

computer syslem for processing and responding to

queries, classified in class 101, subclass 3'

I.

II

III.

2. The inventions are distinct, each from the other because of

the following reasons:

Tlt, are rel-ated as subcombinations

in a single combination' The

from each other if theY are shown to

Inventions I, 1I, and I

discl-osed as usable together

subcombinations are distinct
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be separately usable. In the instant case, invention I has

qal1lr:i-a rrl- iIifrr qrrnh aq ;r h.1_rrr:l -l :narr ls.l-em anflnaLUral IaIIguage pafsJ.ng S]'ou'"' -"-

invention II has separate utility such as a document processor

hav'i no ecli t. c^mn.\qi f inn .\r q1- nranp r-nntrOl. TnventiOn III hasrlqvrrrY , vvrrryvurLrvrlt v!

a separate utility as a database query formulation and processing

system. See MPEP S 806.05 (d) .

3. Because these inventions are distinct for the reasons given

above and have acquired a separate status 1n the art as shown by

their different classification, restriction for examination

nrrrnnqae :e 'i nr{'i n:l- arl i c nr oper.

4. Applicant is advised that the response to this requirement

to be comnlefe must include an election of the invention to be

examined even though the requirement be traversed (37 CFR 1.143)

5.

Conelusion

Any response to this action should be maiiled to:

TrademarksCommissioner of Patents and
Washington, D.C. 2023I

or faxed to:

/rrl-{\ -{r)h-qrlr.'l /fnr forma-l COmmUniCatiOnS\ / vJ,/ JvJ JvJL t \M !vlrlrql

intended for entry)

Or:
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Serial No: 0B/886,814
Art Unit : 214'l

Anrr i nnrli-.,.e**rY
thi s annl i r-at i-on*_v-v-
whose tel e6hone

-ir
Mrrr tA lOOOrrqJ L v I

-A-

/70?) ?05-5?56 (for informal or draftU vvl \!v!

conimunications, please l-abel " PROPOSED" or
'' DRAFT '' )

Hand-deli-vered responses should be brought to Crystal
Park II, 202I Crystal Drive, Arlington. VA., Sixth
E l nnr / Rar.anl- i nn'i el- \

\r\eevHLrvlr!eul.

6. Any inquiry concerning this cofirmunication or earlier
communications from the examiner shoul-d be directed to Joseph
Thomas, whose telephone number is (703) 305-9588. The examiner
.en normel l rr $g reaghed on Monclarr ihrorrc'h Thrrrqdarr f .om B:30 AMi/ urr!

to 5:00 PM. The examiner can al-so be reached on alternate
Fridays

If attempts to reach the examiner are unsuccessful, the
..examiners ' supervisor, Forester W. Isen, can be reached at (703)
305-4 3B 6 .

of a general nature or relating to the status of
should be directed to the Group receptionist

number is (703) 305-3900.

Aft Unir 2l4l
Pfimary Examinet
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I hereby certifr that on the date specified below, this
Ilnited States Postal Service as first-class mail in an
Gommissioner for Patents, Washington, DC 20231.

ASsulA1ee9
Date Steven D.

PATENT

with the
1to the Assistant

IN

Applicants

Application No.

Filed

For

THE LINITED STATES PATENT AND TRADEMARK OFFICE

John J. Messerly et al.

08/886,814

March 7,1997

INFORMATION RETRIEVAL UTILIZING SEMANTIC
REPRESENTATION OF TEXT

Joseph Thomas

2747

661005.512

August 2,7999

Examiner

Art Unit

DocketNo.

Date
Assistant Commissioner for Patents

-,Washington, DC 20231

PETITION FOR AN EXTENSION OF TIME

I-INDER 37 C.F.R. S 1.136(a)

Sir:

Applicants herewith petition the Assistant Commissioner of Patents rlnder 37

C.F.R. $ 1.136(a) for a one-month extension of time for frling the response to the Examiner's

Action dated June 1, 1999, from July 1, 1999 to August I,1999. Submitted herewith is a check

in the amount of $110 to cover the cost of the extension.

Any deficiency or overpayment should be charged or credited to Deposit Account

No. 19-1090. This petition is being submitted in triplicate...

SDL:brg
Enclosures:

Postcard
Check for $110
Two copies of this Petition

6300 Columbia Center
701 Fifth Avenuo
Seattle, Washington 98104-7 092
(206) 622-4900
Fax: (206) 582-6031
wpn/MS/66 I 005/5 l2lForms/Pet. Ext. Time

6iP%
AUo 05lsss;

n D. Lawrenz
Regisiihtion No. 37,37 6
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FORM PTO.1083 Snnn,{Nn Bnnny llp
6300 Columbia Center

701 Fifth AVenue
Seattle, Washingto n 9 81 04-7 092

Phone Q06) 622-4900
Fax (206) 682-6031

Docket No.:
Date:

John J. Messerly et al.
08/886,814
March 7,1997
INF'ORMATION RETRIEVAL UTILIZING SEMANTIC
REPRESENTATION OF TEXT

In re application of
Application No.:
Filed:
For:

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON DC 2023I

Sir: k+ "l

Transmitted herewith is a Response to Restriction Requirement in the above-identified application. tr
I 1 Smallentitystatusofthisapplicationunder3TCFRl.g andl.27 hasbeenestablishedbyaverifie"{statqr*neni:l,l

previously submitted. i'::i i.':: :"- .l

The lee has been calculated as shown

(Col. I (Col.2) (Col.3)

CLAIMS

REMAINING

AFTER

AMENDMENT

HIGTIEST

PREV. PAID

FOR

PRESENT

EXTRA

TOTAL

*

23 MINUS

**
54 0

INDEP.

+

3 MINUS

+:f:i

9 0
t I FIRST PRESENTATION OF MULTIPLE CLAIMS
EXTENSION OF TIME FEE

TOTAL ADDITIONAL FEE

* Ifthe entry in Col. I is less than the entry in Col. 2, write "0" in Col. 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, write "20" in this space.

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, write "3" in this space.

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found from the equivalent box

in Col. I of a prior amendment or the number of claims originally filed.

Please charge my Deposit Account No. l9-1090 in the amount of $-. A duplicate copy of this sheet is enclosed.

A check in the amount of $ 110.00 is attached.

The Assistant Commissioner is hereby authorized to charge payment of the following additional fees associated with
this communication or credit any overpayment to Deposit Account No. 19-1090. A duplicate copy of this sheet is

enciosed.
Any fiiing fees under 37 CFR I . 16 for the presentation of extra claims.
Any patent application processing fees under 37 CFR 1.1

m/06/1999 nmn 00000103 0|$6ft{ Respectfully itted,
John J. al,

01 FCrtlS l$.00 m SppoeNo ,t
";

wpn/ivlSi66 1005/5 l2fforms/PTO-l 083

Steven D. La
Registration

X

t 1 A verified statement to establish small entity status under CFR I .9 and 1.27 is enclosed.

t X I A Petition for an Extension of Time for one month is enclosed.

I I A General Authorization Under 37 C.F.R. $ 1.136(aX3) is enclosed.

I X ] No additional claim fee is required.

TOTA

OR

tl
tx1
txl

txl
txl r'\

I
t-lf\
l'"
I
\

c( zqLt ,f
,l/ -2""'',r

661005.512
August 2,1999

* ru,Jq

cll

OTHEFTHANA
SMALL ENTITY

RATE ADDITIONAL

FEE

x18 $

x78 $
+ z6t $

L
$ 110
$ 110
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PATENT

I hereby certiff that on the date specified below, this correspondence deposited with the
United States Postal Service as first-class mail itt'l* .gnvelope to the Assistant
Commissioner for Patents, Washington, DC 20231.

August 2. 1999
Date Stevdn

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants

Application No.

Filed

For

John J. Messerly et al.

08/886,814

March 7,1997

INFORMATION RETzuEVAL UTILIZING SEMANTIC
REPRESENTATION OF TEXT

Joseph Thomas

2747

661005.5r2

August 2,1999

Examiner

Art Unit

Docket No.

Date

Assistant Commissioner for Patents
Washington, DC 20231

RESPONSE TO RESTRICTION REOUIREMENT

Sir:

In response to the Restriction Requirement dated June 1, Tggg,please extend the

period of time for response one month, to expire on August t,1999 (Sunday). Enclosed are a

Petition for an Extension of Time and the requisite fee.

In the Claims: /
l//

Please carlfel claims 22-54.

Please add the followine new claims:

I

2

a

4

nT* a ^^----+^-^--^1.- - 1j. A computer system adapted to identify passages of a first body of text

relating to a passage of a second body of text, comprising:

an indexing component adapted to process each of a multiplicity of passages of

the first body of text each having a location in the first body of text by:

,-'.\
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5

6

I

8

9

.10
lt
t2

7a

.t4
\ rs
\n'16

Ir\
\ /t7

2

constructing a first logical form characterizing a semantic relationship

between selected words in the passage,

expanding the constructed first logical form to include alternative words

for at least some of the selected words in the passage, and

storing in an index a mapping from the expanded first logical form to the

location of the passage in the first body of text;

a semantic relationship chaructefization component adapted to characteize a

semantic relationship between selected words in the passage of the second body of text by:

constructing a second logical form charactefizing a semantic relationship

between selected words in the passage of the second body of text, and

expanding the second logical form characterizing a semantic relationship

between selected words in the passage of the second body of text to include alternative words for

at least some of the selected words in the passage; and

a related passage identification component adapted to compare the expanded

second logical form characterizing a semantic relationship between selected words in the passage

of the second body of text to the expanded first logical forms from which the index maps to

identifi a passage of the first body of text whose expanded logical form intersects with the

expanded logical form characterizing a semantic relationship between selected words in the

passage of the second body of text, in that, for pair of corresponding selected words between the

inters'ecting expanded logical forms, the selected word or one of its alternative words in the

expanded first logical form matches the selected word or one of its alternative words in the

expanded second logical form, such that a passage of the first body of text relating to the passage

of the second body of text is identified.

18

22

z3

24

25

26

27

^,2v> 7>
I

2

a
J

.t
;lu. The computer system of claim 5y', n tn", comprising a pa$er component

adapted to parse the multiplicity of passages of the first body of text and the passage of the

second body of text to discern their syntactic and semantic structures. - -
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REMARKS

Applicants herein cancel claims 22-54 and present new claims 55 and 56 to clarifu

the subject matter that Applicants consider to be their invention. As a result, claims l'2I, 55,

and 56 are presently pending.

In the Office Action dated June l, 1999, the Examiner restricted prosecution to

one of the following groups:

Group Claims

I t-21

il 22-47

m 48-54

In lesponse to the Restriction Requirement, Applicants herein elect Group I

without traverse. Applicants submit that all the currently pending claims fall in Group I and

should now be examined.

- Based upon the apparent patentability of the pending claims, Applicants

respectfully request the early allowance of all of the pending claims.

SDL:ag.

Enclosures:
Postcard
Check for $110
Form PTO-1083 (+ copy)
Petition for an Extension of Time (+2 copies)

6300 Columbia Center
701 Fifth Avenue
Seattle, Washingto n 981 04 -7 092
(206) 622-4900
Fax: (206) 682-6031
WPN/I4S/661005/5l2rlorms/Rcsp. Rstr. Req./v3

ffD. Lawrenz
Registration No. 37,37 6
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FCRM PTO.1O83

In re application of
Application No.:
Filed:
For:

Snnn AND BERRy r.r,p
6300 Columbia Center

701 Fifth Avenue
Seattle, Washington 98 I 04 -7 092

Phone (206) 622-4900
Fax (206) 682-6031

Docket No.:
Date:

John J. Messerly et al.
08/886,814
March 7,1997

661005.512
August 2,1999

INT'ORMATION RETRIEVAL UTILIZING SEMANTIC
REPRESENTATION OF TEXT r)

l ':

{
ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON DC 2023I

Sir:

Transmitted herewith is a Response to Restriction Requirement in the above-identified application. t' :
t I Small entity status of this application under 37 CFR 1.9 and 1.27 has been established by a verifieditatement

previously submitted. ZI A verified statement to establish small entiry status under CFR I .9 and 1.27 is enclosed.
X ] a Petition for an Extension of Time for one month is enclosed.

I A General Authorization Under 37 C.F.R. g 1.136(a)(3) is enclosed.
X I No additional claim fee is required.
X The fee has been calculated as shown.

(Col. I (Col.2) (Col.3)

CLAIMS

REMAININC

AFTER

AMENDMENT

HICHEST

PREV. PAID

FOR

PRESENT

EXTRA

TOTAL

*

23 MINUS

*+

54 0

INDEP.

lr

a
MINUS

*:f ri.

9 0

[ ] FIRST PRESENTATION OF MULTIPLE CLAIMS
EXTENSION OF TIME FEE

TOTAL ADDITIONAL FEE TOTAL

* If the entry in Col. I is less than the sntry in Col.2, write "0" in Col. 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, write "20" in this space.

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, write "3" in this space.

The "Highest Number Previously Paid For" (Total or Independent) is therhighest number found from the equivalent box

in Col. I of.a prior amendmcnt or the number of claims originally filed.

Please charge my Deposit Account No. l9-1090 in the amount of $_. A duplicate copy of this sheet is enclosed.

I A check in the amount of $ 110.00 is atlached.
The Assistant Commissioner is hereby authorized to charge payment of the following additional fees associated with
this communication or credit any overpayment to Deposit Account No. 19-1090. A duplieate copy of this sheet is
enclosed.

Any filing fees under 37 CFR I . 16 for the presentation of extra claims.
Any pat€nt application processing fees under 37 CFR l.l

Respectfully itted,
John J. al,

Srro ANo Br

wpn/MS/65 I 005/5 I 2/Forms/PTO-1 083 Registration 37,376

--.2

OR

tl
tx
txl

txl
txl

I
I

OTHER THAN A
SMALL ENTITY
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UNITED STATES DI. ,RTMENT OF COMMERCE
Patent and Trademark Office
AddTess: COMMISSIONER OF PATENTS AND TRADEMARKS

Washlngton, D.C.20231

r i....irjr;i. 
.i. i i..i ;:::t:.t EXAMINER

-i i i i:-; i'.! r'i li:i ., ...i

ARTUNIT I PAPER NUMBER

.,r:' :' .:ii i'

i:ji:i;:::. j.: fi i'ri1.;r i::i5:';::;;;;;";

{,:;i':; i; : :.::..::i .:..}i.'iH .i: ;:i i:::: i::.iii 
-i j;ji.fi

lii:.i:t"i- i i."!:::. idi:t '::i::::;:i. i:iri

DATE MAILED: :-i rr:;t ..J :::i t.:i r.r i:i"::i

Please find below and/or attached an Office communication concerning this application or
proceeding.

Commissloner of Patents and Trademarks

PTO-goC (Rev. 2/95) 1- File Copy
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Applicant(s)

MESSERLY, et aI.

Notice of AllowabilitV Group Art Unit

2747

Ail ctaims being ailowabte, PROSECUTION ON THE MERITS lS (OR REMAINS) CLOSED in this application. lf not included

herewith (or previously mailed), a Notice of Allowance and lssue Fee Due or other appropriate communication will be

mailed in due course.

ffi This communication is responsive to Aus 5, 1999

X The allowed claim(s) fiare !-21 aqd 55-56, now renumb

ffi The drawings filed on Dec | 1, 1 997 are acceptable.

n Acknowledgement is made of a claim for foreign priority under 35 U.S.C, 5 119(a)-(dl'

I ntt n Some" n None of the CERTIFIED copies of the priority documents have been

I received.

n received in Application No. (Series CodeiSerial Number)

n received in this nationalstage application from the International Bureau (PCT Rule 17.2lall,
*Certified copies not received:

n Acknowledgement is made of a claim for domestic priority under 35 U.S.C. I 119(e),

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE

THREE MONTHS FROM THE 'DATE MAILED" of this Office action. Failure to timely comply will result in

ABANDONMENT of this application, Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

I Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-1 52, which discloses

that the oath or declaration is deficient, A SUBSTITUTE OATH OR DECLARATION lS REOUIRED.

I Applicant MUST submit NEW FORMAL DRAWINGS

I because the originally filed drawings were declared by applicant to be informal.

n including changes required by the Notice of Draftsperson's Patent Drawing Review, PTO-948, attached hereto or

to Paper No._.
I including changes required by the proposed drawing correction filed on

approved by the examiner.

! including changes required by the attached Examiner's Amendment/Comment.

ldentifying indicia such as the application number {see 37 CFR 1.84(c)) should be written on the reverse side of the
drawings. The drawings should be filed as a separate paper with a transmittal lettter addressed to the Official
Draftsperson.

I wote the attached Examiner's comment regarding REOUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any response to this letter should include, in the upper right hand corner, the APPLICATIoN NUMBER (SERIES

CODE/SERIAL NUMBER). lf applicant has received a Notice of Allowance and lssue Fee Due, the ISSUE BATCH NUMBER

and DATE of the NOTICE OF ALLOWANCE should also be included.

Attachment(s)

X Notice of References Cited, PTO-892

X lnformation Disclosure Statement(s), PTO-1 449, Paper No(s). /, 4 & 5

I Notice of Draftsperson's Patent Drawing Review, PTO-948

I Notice of Informal Patent Application, PTO-152

n Interview Summary, PTO-413

! Examiner's Amendment/Comment

I Examiner's Comment Regarding Requirement for Deposit of Biological Material

X Examiner's Statement of Reasons for Allowance

, which has been

U. S. Patent and Tradsmrk office

PTO-37 (Rev. 9-95) Notice of Allowability Part of Paper No.

j:,
;
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Serial No: 08/8 86,81-4
Art Unit : 27 4-l

ETAMINER' S REASONS FOR ATLOIVA}ICE

(Attachment to Paper # 9)

Notice to APPIicant

1. This communic'ation is in response to the amendment and

election in response to the requirement restriction, fil-ed

B/5/99. Claim L-21, remain pending. Claims 22-54 are cancel-ed.

Claims 55-56 are newlv added.

-2-

'2.

E J-e c t ion /Re s tz i ct i on

No claims are withdrawn from further consideration by the

examiner, 37 CFR I.L42(b) , as being drawn to a non*elected

invention, the requi-rement having been elected without traverse

in the communicatj-on filed 8/5/99 (paper number 8). As per

Applicant's election and amendment, the subject matter of claims

t-z1- (Group I) have been examinedr ds well as newly added claims

55-56.. A11 other remaj-ning claims (claims 22-54) were canceled

by App-licant in the amendment filed B/5/99.

Reasons for AJ-Iowance '

3. The followinq is an Bxaminer'S Statement of Reasons for

AII-owance:

The prior art of record fails to teach or falrly suggest,
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Serial No: 08/886,814
Art Unit z 27 47

-3-

either singly or in combination, a computer system, method, and

computer-readable medium for identifying passages of a first body

of text relating to a second body of text and comprising the

steps of constructing, index-mapping, and expanding first and

second logical forms characterizing semantic relationships

betweeri selected words in each passaqe of text within the first

body and the second body of text' respectively, and comparing the

expanded second logical form to the expanded first logical forms

from which the index maps, to identify a passage df the first

body of text whose expanded logical form intersects with the

expanded Iogical form in the second body of text such that, for a

pair of corresponding sel-ected words between the intersecting

expanded logical forms, the selected word or its alternatj-ves in

the expanded f,irst logical form matches that of the expanded

second logicat form, in order to identify that a passage of the

first body of text relates to the passage from the second body of

text, in the specific manner and combinations recited in

independent claims I, !1, and 55 (now renumbered claims 1, I7,

and 22, respectivelY).

claims 2-L6, L8-2L, and 56 (now renumbered cfaims 2-16, 18-

2I, and 23, respectively) incorporate the features of the

independent claims L, LJ, and 55 (now renumbered claims 1, 7f,

and 22, respectively) , through dependency, and likewise
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Serial No: 08 /886' 814
Art Unit: 27 47

distinguish over the prior art of record'

_A-

Any comments considered necessary by Applicant must be

submittecl no l-ater than the payment of the Issue Fee and, to

avoid processing delays, shoul-d preferably accompany the Issue

Fee. Such submissi-ons shoul-d be clearly label-ed "Comments on

Statement of Reasons for Allowance. 'l

Citation of References

4. Attached to this Examiner's Reasons for Allowance is the

-citation of several reference, namely U.S. Patents to Deerwester,

et aI. (4,839,853); Pedersen, €t aI. (5,218,980); Gallant

(5,325,298); Eisenberg, et al. (5,592,661'); Caid, et al'

(5,6,19,109); Oku, et aI. (5,615,'145); Schuetze (5,615,819);

Dahlgren, €t al-. (5,194,050) ; Caid, et al' (5,794' 178) ; Di-xon

(5,799, 308 ) ; Liddy, et a]. (5, 873, 056) ; and Braden-Harder, et al.

(5,933,822). These cited patents and publications generally

teach'various systems and methods for semantic information

retrieval, phrase query formation, generating context vectors for

information retrieval, versioned databaSe management, global word

.-.\-..r.rrr'rrrcnr.:e pattefnS fOf dOCUment fetfj-eVa1, and SemantiC
r----.-----

vector representations for data retrieval. The prior art made of

record and not relied upon is considered pertinent to Applicant's

disclosure as background material and is not of particular
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Serial No: 08/886,8]-4
Art Unit: 27 41

-5-

significance. These prior art patents and publications fail to

teach or fairly suggest the novel- and non-obvious features of the

instant claims, ds described above in sectj-on 1. In particular,

the cit.ed prior art of record fails to a computer system' method,

and computer-readable medium for identifying passages of a first

body of text relating to a second body of text and comprising the

constructing, index-mapping, and expanding of first and second

logical forms characte riztnq semantic relatj-onships beLween

selected words in each passage of text within the first body and

the second body of text, respectively, and comparing the expanded

Second logical form to the expanded first logical forms from

which the index maps, to identify a passage of the first body of

text whose expanded logical form intersects with the expanded

l-oqical form in the second body of text such that, for a pair of

corresponding sel-ected words between the inLersecting expanded

logical forms, the selected word or its al-ternatives in the

expanded first logical form matches that of the expanded second

logical form, in order to identify that a passage of the first

body of text relates to the passage from the second body of text '

please note that the cited patents are NOT being submitted

with this Office Action.

Any response !o this action should be mailed to:q
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-6-Serial No: 08/BB6'814
Art Unit: 27 47

Commissioner of Patents
Washington, D.C. 2023I

and Trademarks

faxed to:

(703) 305-9051, (for formal communications
intended for entrY)

Hand-delivered responses shoul-d be brought to crystal
Park II, 202I Crystat Drive, Arlingtol' VA'' Sixth
Floor (RecePtionist) .

6.Anyinquiryconcerningthiscommunicationorearlier
communications from the examiner should be directed to Joseph

Thomas, whose telephone number is (703) 305-9588. The examiner

can normally be reached on Monday through Thursday from B:30 AM

to 5:00 PM. The examiner can also be reached on alternate
FriQays.

If attempts to reach the examiner are unsuccessful, the
examiners, supervisor, Forester w. fsen, can be reached at (703)

305-4386.

Anyi-nqui-ryofagenera}natureorrelatingtothestatusof
t.his applicatioir should be directed to the Group receptionist
whose tltepfrone number is (703) 305-3900'

Or:

(703 ) 305-s356
communications,
ttpRAff r')

(for informal or draft
please label "PROPOSED" or

[il unit 2747

rf
_Ju

August 21, 1999

Primaty Examiner
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N atiee of Refetpncd's'r:rIed

Application No.

08/886,814
Applicant(sr

MESSERLY, et al-

Exa m in er

JOSEPH THOMAS

Group Art Unlt

?747 Fage 1 oi 1

U.S. PATENT DOCUMEI{?S

--T---r-------.-_- 

-- 

--'T----r
*! | qocuuerurno. i DArE I rvnrr're lcuss i suacuss

xj*t
xi

A 4,839,8s3 6/13/89 DEERWESTER, et al. Lol * 5

5.278,980 1 t11194 PEDERSEN, et al. 707 4

5,325,29e 6t28tS4 GALLANT 704

7 5,5 92,661 1t7197 EISENBERG. et al. 707 104

E 5,619.709 4t8t97 CAID, et al. 707 YJ32

x 5,675,745 10t7 t97 OKU, et al. 705 7

X 5,675.819 10t7 t97 SCHUETZE 704 '10

x H 5,794,050 8111 198 DAHLGREN, et al. 395 708

1l
x

I

J

-* -j!---'wb
5,799,308

_9t1:::
8t25t98

__ CAID, et aL

DIXON

704

707 100

)r K 5,873,056 2116199 LIDDY, et al. 744 I

X 5.933,833 a /e /oo BRADEN-HARDER, et al. 7A7

tr{

FOREIGN PATENT DOCUMENTS

,t DOCUMENT NO DATE COUNTRY NAME CLASS SUBCLASS

N

o

P

o

B

s

T

NON-PATENT DOCUMENTS

I*i DOCUMENT llncluding Author, l'itle, Source, and Pertinent Pages) DATE

w

l.i, S. Patenr and'l'rtdsmark Offic€

lrfo-892 {Rev. 9-951

* A copy o{ this reference is not being furnished with this 
-Office-action.(Seb Manual of Patont Examining Procedure, Section 707.05(al.)

Notice of References Cited Part of Paper No.
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ffil
NOTICE OF ALLOWANCE

I 1:r...::,: .,";I::l

UNITED STATb,- DEPARTMENT OF COMMERCE
Patent and Trademark Office

AND ISSUE FEE DUE

.j.i i,:. i

APPLICATION NO. I FILING DATE TOTAL CLAIMS EXAMINER AND GROUP.ART UNIT DATE MAILED

Flrsl Named
Applicant

ii.:ri. t;::;1,: i:;li. 'jr

l,.i i i;.:. .TITLE OF r ;.;i::. i .;i.;;'i':iii'; .i :..ti',i
INVENTION

ii..t

ATTYSDOCKETNO. I CLASS-SUBCLASS BATCH NO. APPLN. ryPE SMALL ENNry FEE DUE DATE DUE

HOW TO RESPOND TO THIS NOTICE:
l. Review the SMALL ENTITY status shown above.

lf the SMALL ENTIW is shown as YES, verify your
current SMALL ENTITY status:

A. lf the status is changed, pay twice the amount of the
FEE DUE shown above and notify the Patent and
Trademark Otfice of the change in status, or

B. lf the status is the same, pay the FEE DUE shown
above.

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

PROSECUT'ON ONTHE MERITS IS CLOSED.

THE ISSUE FEE MUST BE PAID WIT'IIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS

APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED'

lf the SMALL ENTITY is shown as NO:

A. Pay FEE DUE shown above, or

B. File verified statement of Small Entity Status before, or with,

payment of 1/2 the FEE DUE shown above.

ll. part B-lssue Fee Transmittalshould be completed and returned to the Patent and Trademark Office (PTO) with your

ISSUE FEE. Even if the I$SUE FEE has already been paid by charge to deposit account, Part B lssue Fee Transmittal

should be completed and returned. lf you are charging the ISSUE FEE to your deposit account, section "4b" of Part

ts-lssue Fee Transmittal should be completed and an extra copy of the form should be submitted.

lll. All communications regarding this application must give application number and batch number.

Please direct all communications prior to issuance to Box ISSUE FEE unless advised to the contrary.

tMpoRTANT REMINDER: lltitity patenfs issuing on applications filed on or after Dec. 12, 1980 may require payment ot
maiitenance tees. Ii is patentee's responsibitity to ensure timely payment of maintenance

fees when due.
PATENT ANO TRADEMARK OFFICE COPY

PTOL-8s (REV. 10-96) Approved lor use though 06/30/99. (0651-0033)
*u.s.covERNMENT PnINTING oFFlcE 199r'433'221 /61116
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,orrr.rrT#?J-l##l/ "1
el

I

i
'tl thls torm, together with appt,cdble fees, to: Box ISSUE FEE

Asslstant
Washington, D.C.

PF

$$
can only be used for domestic
This cerlificate cannot be used

for any other Each additional paper, such as an
assignment or formal must have lts own certificate ot mailing.

Certltlcate of Mailing
I h€reby cenify that this lssue Fee Transmittal is being deposited with
the United States Postal Service wlth suff,cient postage for tirst class
mail In an env€lope addressed to the Box lssue Fee address above on
the dat€ indicated below.

:\
ct^
L|.
Ll

1gg$ 
t't"

6

,IAILING INSTRUCTIONS: This form should be used lor transmitting the ISSUE FEE. Blocks 1
through 4should be completed where appropriate. All furiher correspondence including the lssue Fee
Receipt, the Patent, advance oders and notification of maintenance fees will be mailei to tne cunent
eorrespondence address as indicated unless corrected below or directed otherwise in Block 1 , by (a)
specifying a new correspondence address; and/or (b) indicating a separate'FEE ADDRESS,ioi.
maintenance f ee notif ications.
GURRENT coRRESPoNDENCE ADDRESS (Not€: Legibty mark-up with any corections or uso Btock .t)

.. 
: ::: i:.: i': ,i 1, i'. : : : ii: ji.:' !::, i:.., ..

TITLE OF
INVENTION

i iiil- i iir'lllr:..i : i I i:r,i lr'!. : n.. i r. (1'li:

Chang€ of correspondonce address or indication of , Fee Address' (97 CFR 1.369).
Use of PTO form(s) and Customer Number are recommended, but not requlred.

2. Forprinting onll€ patent front pag€, list
(1 ) the names of up tci 3 registered patent
attorneys or agents OR, alternatively, (2)
the nam6 ot a single lirm (having as a
member a reglster.ed attomey or agent)
and the names of up to 2 rogistered patent
attomeys or agents. lf no name is llst6d, no
name will be prlnted.

ffCnange ot conesporidenee address (or Chango of Correspondence Address form
PTO/SB/12?) attached.

n "Fee Address' indication (or'F6e Address' Indication form PTO/SB/47) attached.

3. AssleNEE NAME AND RES|DENOE DATA To BE PR|NTED oN THE PATENT (print or rype)
PLEASE NOTE: Unless an assignee ls identified below, no assignee data will appear on the patent.
Inclusion ol asslgnoo data is onty appropiate when an assignment has been preriiously submitted to
the PTO or is being submitted under separate cover. Completion of this form is NOT i subsititue lor
filing an assignment.

(A) NAME OF ASSTGNEE

Microsof t Co.rporation
(B) RESTDENCE: (C|TY & STATE OR COUNTRY)

pb"Sl*SPfi$dprHft"9,bl$6,LSBr*9t,fioiAad 
berow (wir not be prinred on rhe patenD

D Individual rl corporation or other prlvate gmup entity n government

4a. The following fees are enclosed (make check payable to Commissloner
of Patents and Trademarks):

Ef lssue Fee

M Advance order - # of copies 1 0

4b. The following fees or deficiency in these tees should be charged to:

DEpostrA6C9UNT NUMBER 23-l 123
(ENCLOSE AN EXTRA COPY OF THIS FORM)

E lssue Fee

n Advanc€ Ordbr - # of Copies

e OOMMISSIONER OF PATENTS AND TRADEMABKS lS requested to appty the tssu6 Fee to lhe application identitied above.

.; The lssue Fee will not be accepteb from anyone other than ths applicant; a registerod attomey
J6nt; or the asslgnee or othef party ln interest as shown by the records of the pat;nt and

ddomark Otfice.

4n Hour staf€,meat'This form is estirnated to take 0.2 hours to complete. Time will vary''g on the needs of the individual case. Any comments on the amount of time required
'this lorm should be sent to the chiel Information officer, patent and rrademart

:qton, D.C.20231. DO NOT SEND FEES OR COMPLETED FORMS TO TH|S
rD FEES AND THIS FORM TO: Box lssue Fee, Assistant Commissioner lor. D.C.20231

iii I;rl"{'c
rllr tli"r,i-:

luction Act of 1 995, no persons are required to rdspond to a collection
'lays a valid OMB control number.

1RANSTIIT TTIIS FORil WTTH FEE

rgh 06/3049. OMB 0651-0099 patent and Trademark O,fflce; U.S, OEPARTMENT OF COMMERCE
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Applicant
Serial No.

Fil-ed

For

IN THE UNTIED STATES PATENT AND

John J. Messerly et a1.

aB/886, B1-4

March 7, 199'7

INFORMATION RETRIEVAL
UTIL]ZING SEMANTIC
REPRESENTATION OF TEXT

M61-.1,2-021-4Docket No.:

NOTICE OF CTIATiIGE OF ADDRESS

Assistant Commissioner for Patents
Washington, D.C. 20231-

slr:

Please change t.he correspondence address
all purposes including notices of maintenance

Group Art. Unit: 2747

Examiner: J. Thomas

I HEREBY CERTIFY THAT THIS PAPER IS BEING

SENT BY U,S. MAIL, FIRST CLASS, TO THE

ASSISTANT COMMISSIONER FOR PATENTS,

of record for
fees to:

Theodore M. Magee
WESTMAIT CHAMPLIN & KBLLY
Suite 1-600 International Centre
900 Second Avenue South
Minneapolis, MN 55402-331-9

Respectfully submitt.ed,

WESTMAN, CHAMPLIN & KELLY, P.A.

TMM: bl-t

o/nry
IK OFFICE \
cr,spssE)

wAsHtN9T0N, D.C, 20231, THIS

Theodore M. Magee, No . 39 ,'758
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Applicant
Serial- No.

Filed
For

TMM: b1t

IN THE UNITED STATES PATENT AND T

Terry R. Fahley
0B / 984 ,377
December 3, L9g7

Batch No:

Al-1owed:

Group Art
Examiner:

T62

May 25, L999

Unit z ]-733

Docket No.

METHOD AND APPARATUS FOR
MAGNET r C/BACKI RON BOND rNc
USING SLIP FIT PINS.

s01-. t2-04]-0 F. Lorin

CERTIFICATE OF MAII,,ING

Box Issue Fees
Assistant Commissioner for patents
WashJ-ngton, D. C. 20231,

5l-r:

Su"bmitted herewith is our check in the amount of
-$1- ,240 . 0 0 ar+ pa,yment of the Issue Fee in t he above- i.dent.if ied
application and Adv'anced Order for ten (10) soft copies of the
issued patent, along wit-h the Issue Fee Transmittal.

In the evei:t the attached check 'irs unacceptabl-e , or the
check is omitted, or if there are any additional- fees associat.ed
with this appli-cation, please charge trhe required fee or cred.it
any overpaymenL to Deposit Account, No. 23-1L23.

I hereby certify that this correspondence is bei.ng
deposited with the Unit.ed States Postal Service as first claiss
mail in an envelope addressed to: Assistant Commissioner for
Patentsn Box rssue Fee, washington, D.c. 2023r, on November 30,
1999.

Respect.fully submitted,

WESTMAN, CHAMPLTN & KELLY, P.A.

"or -Theodore M. Magee, Reg. No. 39,758
Suite 1500 - Internat.ional Centre
900 Second Avenue South
Minneapolis, Minnesota 554 02-3319
Phone z (6tz ) gg+ -3222 Fax: (6]-2) 334 - 331,2

Page 298 of 364



#//
PATENT AND TRADEMARK OFFICE

Group Art Unit: 2747

Examiner: J. Thomas

I HEREBY CERTIFY THAT THIS PAPER IS

BEING SENT BY U,S. MAIL, FIRST CLASS,

TO THE ASSISTANT COMMISSIONER FOR

PATENTS, WASHINGTON, D.C. 20231, THIS

Applicant
"'S;eriaI No.

riied

Docket No.

IN. THE UNITEI]' STATES

'John J. Messerly
08/88 6 ,8r4
March 7, L997

INFORMATION RETRI
UTILIZING SEMANTTC
REPRESENTATION OF T

M51-.l-2 -02L4

REVOCATION OF PRIOR POWERS OF ATTORNEY
AND POWER OF ATTORNEY

Assistant Commissioner for Patents
llashington, D. C. 20231

&SororD*,L' .,7s'

The undersigined, authorized t.o act on behalf of Microsoft
Corporation, t.he owner by assignment (recorded at reel 8055, frame
0302) of the ent.ire right, title and interest in and to the above-
identified application, hereby revokes al-l previous powers of
attorney and appoints the following attorneys and/or agents to
prosecute this applicat,ion and to transact all business in the U.S.

batent and Trad.emark Office connected therewith: Nickolas E.
\
Idbstman, Reg. No. 20,L47,. ,Judson K. Champlin, Re9" No. 34,797; .loseph
R. Kelly,r,Reg. No. 34,847,' Steven M. Koehler, Reg. No. 35,188; David
D. Brush, Reg. No. 34,557; ,fohn D. Veldhuis-Kroeze, Reg. No. 38,354;
Deirdre Megley Kvale, Reg. No. 35,6L2; Theodore M. Magee, Reg. No.

39,758; ,fohn A. Wiberg, Reg. No. 44,401,; Brian D. Kaul, Reg. No.

4l-,885; Katie E. Sako, Reg. No. 32,628 and Daniel D. Crouse, Reg. No.

32,022 .

Address all telephone calls to Theodore M. Maqee at
telephone number (5L2) 334-3222 "

Address all correspondence to Theodore M. Maqee, Westman,

Champlin & Ke11y, P.A., Suite 1500 - InLernational Centre, 900 Second

Avenue South, Minneapolis, Minnesota 55402-3319.
Respect fu1 ly submitted,

MTCROSOFT CORPORATION

Date: lLl4/4Q

stt ? ? $s$

-/*" J-*- /'l
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PUBS Application Status Query hTtDJ / Ai6IP 
^I..IVVOBJECT/PUBSQUERY?SER-NUM=088868 

I 4

WC#
h -,.

PAtM IF{THAI-dffiT

PUBS Application Status Query for 08/886814

View Work Flow Content Search Another: Serial Number il , 1L$ff*;"i

Class/Subclass : 704/009.000

Status : 093/ALLOWED - NOTICE OF ALLOWAIICE MAILED - RELEASED TO OFFICE OF

PTJBLICATIONS
Location : 7540/FILE MAINTENANCE FACILITY - 308-6789 i

Charge to Location : /

Potential Issue Ready No

Day:Thursday
Date:211012000
Time: 07:11:21

Requirements
Drawing Required

Istue Fee Required
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Under Signatory Review

PUBS Unmatched Paper

Unmatched Petition

Biotech

Petition

PCT

Needs Panel Review at TC

Under Quality Review

Needed
No

Yes

No

No

No

No

No

No

No

No

No
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(To Go BACK Use BACK Button on Your BROWSER Tool Bar)
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\

2110100 7:11AM
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t rN THE UNITED STATES PATENT AND TRADEMART OFFTCE

Applicant
Serial No.

t'r. leo.

For

Docket No.

John ,f . Messerlv et al .

oBl886,8r4
March 7, 1997

INFORMATTON RETRIEVAL
UTILIZING SEMANTIC
REPRESENTATION OF TEXT

M6L.]-2-42l.4

Batch No:

AIlowed:
Group Art
Examiner:

J. Thomas

AB9

August 30, 1999

Assistant Commissioner for Patents
Washington, D.C. 2023L

.t'

I HEREBY CERTIFY THAT THIS PAPER IS BEING

SENT BY U.S, MAIL, FIRST CLASS, TO THE

ASSISTANT COMMISSIONER FOR PATENTS,

The following paper(s) and./or fee(s) are being deposited with
the United States-pbstal Service "First Class Mail Post Office to
Addresseet' addressed to Assistant. Commissioner for Patents,
Washington, D.C. 2023L:

" 1. Revocation of Prior Powers of Attorney and Power of
AttorneY.

Respectful lY submitted,

WESTMAN, CHAMPLIN & KELLY, P.A.

900 Second Avenue, South
Minneapolis, Minnesota 55402-33L9
Phone: (5t2) 334 -3222
Fax: rcI2) 334-331..2

TMM: blt

TRANSMITTAI, LETTER

Theodore M. Magee , R914. No
Suite l-600 - International

39,758
Centre
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=++f (

filal / I cJ APPSlpreexam/correspondence/ l-Ahtm

ilild,flltI[l

UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMSSIONER OF PATENT AI'ID TRADEMARKS
Washingtor! D.C.20231

fir ililililt ililt tfit rililil ilil| llfr lllil lililllilllllil llil lllllil llil
-oc0000000051 071 96.

APH,ICATIONNUMBER FILINGDATE FIRST NAMED APPLICANT ATTY. DOCKETNO./TITLE

08/886,814

SEED AND BERRY
6300 COLUMBIA CENTER
SEATTLE, WA 98104

o3l0't 11997 JOHN J. MESSERLY 661005512

Date Mailed : 0511012000

NOTICE REGARDII'1 .; FOWER OF ATTORNEY

This is in response to the Power of Attorney filed 12D211999.

The power of Attorney to you in this application has been revoked by the assignee who hgs intervened as provided

by 37 CFR 3.71. Futuie correspondence will be mailerl to the new address of record(37 CFR 1.33)'

Customer
Initial Examination Division (703) 308- I 202

FORMER ATT iINEY/AGENT COPY

5ll0/007.23 AM
lofl
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| fliltil ilil tfl IIill ilil| ilril rilr ilfiililr ilil| ril nlil il|il llilllllllllli lli li lri
-oc00000000510721'l*

*rr
filel I I cl APP S I preexam/correspondence/ I -4,. htm

UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Of{ice

Address: COMMSSIONER OF PATENT AND TRADEMARKS
Wmhinglo4 D.C. 20231

APPLICATION NUMBER FILINGDATE 
' 

FIRSTNAMEDAPPLICANT ATTY. DOCKETNO.ITITLE

08/886,814 03/0711997 JOHNJ. MESSERLY M6t.t2-0214

THEODORE M. MAGEE
WESTMAN CHAMPLIN & KELLY
SUITE 1600 - INTERNATIONAL CENTRE
9OO SECOND AVENUE SOUTH
MINNEAPOLIS. MN 55402-331 9

Date Mailed: 05/1 0/2000

NOTICE REGARDING POWER OF ATTORNEY

This is in response to the Power of Attorney filed 12122fi999.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the above

address as provided by 37 CFR 1.33.

Customer
Initial Examination Division (703) 308- I 202

ATTORNEY/APPLICANT COPY

lofl 5/10/00 7:29 ANI
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6\ L s-r c--

PATENT

UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor

Appln. No

t r-tecI

For

Patent No.

Issued
Docket No.

Commissioner for Patents
Washington, D.C. 2023L

,John ,f . Messerly et aI.

oB/88 6 ,8L4
March 7, L997

INFORMATION RETRIEVAL
UTILIZING SEMANTIC
REPRESENTATION OF TEXT

6,476,05L
June 13, 2000

M61. L2-02L4

Batch

REQUEST FOR CERTTFTCATE OF CORRECTTON

Group Art. Unit z 2747

Examiner: ,J. Thomas

I HEREBY CERTIFY THAT THIS PAPER IS BEING

SENT BY U.S. MAIL, FIRST CLASS, TO THE

ASSISTANT COMMISSIONER FOR PATENTS,

wAsHtNGToN, D.C. 20231, THIS
,.-/- - t I//ta^ A\ t
?' 

'-brvor 2e*//ou . zo0o.

c.i*. I

, In conformity with 37 C.F.R. S 1".322, applicant hereby
requests a Certificate of Correction in connect.ion with the
above-identif ied patent .

Form PTO-1-050 entitled CERTIFICATE OF CORRECTION

sett.ing out the printer's errors has been compleLed and is
enclosed. It is respectfully requested that the enclosed
Certificate be approved and signed by an Attesting Officer, and

t.hat d copy be returned to applicant's attorney for attachment to
t.he original Certif icate of Lett.ers Patent. '

Respectfully submitted,

WESTMAN, CHAMPLIN & KET-.,LY, P.A.

CRC: ajm

-1-/ ("n4.--By: " 
LdJ ..

Theodore M. Magee // Reg. No . 39 ,'758
Suite 1-600 - fnternational Centre
900 Second Avenue South
Minneapolis, Minnesota 55402-331-9
Phone (Atz) :f a -3222 Fax: rcL2) 334-33L2

pt"$ffikf,$$""il
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o.G. FiG.

Fig. 3

store tokens in index
with occurrence

locations

receive query text

rank target
documents in which

matching tokens
occur

tokenize query
text

identifu matching
tokens in index
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construct pnmary
logical form from

input text

expand primary
logical form using

hypernyms

Fig. 4
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521

520

510

511

deep subject

man (sense 2)

word 150

(man, kiss, pig) tr 550

Fig. 5

Fig. 6

deep object

'pig (sense 2)

word 153

1

530

531

kiss (sense l)
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touch (sense 2)

Fig. 11

I r 1122

I

I

I

1110

1111

deep subject

man (sense 2)

1130

1131

swine (sense 1) i

animal (sense 3) \ I teZ
! person (sense 1)

1112/l

kiss (sense 1)

pig (sense 2)
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deep

object

n00 -r ((man oR person), (kiss oR touch), (pig oR swine oR animal))

Fig.

man person

pig

kiss swine

animal

(man, kiss, pig) (person, kiss, pig)

)'"'
Irzsz

I rzss

(man, kiss, swine) (person, kiss, swine)

(man, kiss, animal) (trlerson, kiss, animal)

pig

touch swine

animal

(man, touch, pig) (lerson, touch, Pig) ),,0,

\,:,

(man, touch, swine) (person, touch, swine)

(man, touch, animal) (person, touch, animal)
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token
document
number

word
number

a
a
a

animal# 5 152

a
a
a

kiss^ 5 151

a
I
a

man_ 5 150

person_ 5 150

pig# 5 152

swine# 5 r52

touclu 5 151

Fig.
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kiss (sense 1)

man (sense 2)

1421

1420

1414

1411

deep object

horse (sense 1)

1430

1431

(man, kiss, horse) tr M50

Fig. 14
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touch (sense 2)

1522

1521

1520

V
I

I

I

1510

1'511

1512

deep subject

man (sense 2)

1530

1531

1 person (sense 1) animal (sense 3)

((man OR person), (kiss OR touch), (horse OR animal )) / 'U50

Fig. 15

\
I

1532

horse (sense 1)
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ct.{t i'la

v 1722

touch (sense 2)

((man oR person), (kiss oR touch), ---) 
tr 1750

Fig. 17

1721

1720

1710

1711

1712

person (sense 1)

kiss (sense 1)

man (sense 2)
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touch (sense 2)
v 1822

animal (sense 3)

1830

1831

l-.
r \ 1832
I

( , (kiss oRtouch), (horse oR animal )) '/ 
1850

Fig. 18

kiss (sense 1)

horse (sense 1)
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DATE:

FRON,I:

S{IBJ":

,1 i

cA- '

/- -. r--
' I \-./ \*./

l-- i i'tt\./

C UST O ME,F. C OR.RE C IONS

AP P LICATIOI\i S I\rIS IO i'{

LC C C38O

AP P LI CATIO I'{ FILES =I{trED ED

F O R. C C R.F.E CTIO I\TTU? D ATE

GR.OI|P AF.T UI'{IT: i -7 4iI -{'

APPLICATION I\'IIMBER
NE,EDED f,VIiWEDLATELY

/t):|/tt6J/:/ iS

FOi{ COR.F.ECTION

PLEASE ATTACII TI{IS F'OR.IVI TO THg AB OVE

APPLICATiON AI\D R.ETUfu\ IT TO TIIE

A_PPLICATIOI{ PRO CE,S Sn{G D W]SI OII'

cusroMgn CORI.ECTIOI'{S CPZ- 6C11 .

TF YOU AX.I, U\ABLE TO LOCA'IE T}IE

APPLICATICN OIT H^AVE, A QUESTION, FI,EASE

CALL IVIE AT 308-1202. 
\

TAAI\T( YOU FOR YOIJ-F. ASSISTAI'{CE

DORA STROIID
STJPER.V-ISOF.
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=>d his full

(FILE 'USPAT' ENTERED AT l-6:20:35 ON 26 AUG 1999,
77898) SEA LOGICAL?

1954581)SEA FORIVI#

318332) sEA GRAPH?
1"64460 ) SEA CHART#
755549) SEA DTAGRAM?
582972 ) SEA TABIE
1.19838 ) SEA TABLES

39570) SEA TREE#
105) SEA TRIE

L3I29 ) SEA TRIES
8956 SEA (LOGICAL?) (5A) (FORM# OR GRAPH? OR CHART# OR DIAGRAM? O

ABLE OR TABLES OR TREE# OR TR]E OR TRIES)
'7 91,12 ) SEA SEARCH?
BO412 )SEA RETRIEV?

765274)SEA ENGTNE#
2L259 ) SEA DATABASE?

520935) SEA DATA
7284226) SEA BASE?

21565 ) SEA DATA BASE?
4L4'1"77 ) SEA INFORMATION?
2809I SNA (SEARCH? OR RETRIEV?) (]-OA) (ENGINE# OR DATABASE? OR DAT

ASB? OR INFORMATION?)
3033) sEA SEMANTTC?

2218838 )SEA RET,AT?
LL58O2 )SEA CORREI,AT?
380036) sEA LrNK###
91939B) SEA ASSOCTAT?

l6a'7211) sEA CoNNECT?
30665) SEA INTERRELAT?

357 92]-) SEA INTERCONNECT?
356282) SEA WORD#
63'7182 ) SEA TERM#
1OOO56) SEA EXPRESSfON#

29837 ) SEA PHRASE?
2BO) SEA IDTOM?
220 SEA (SEMANTTC?) (l_5A) (REr,AT? OR CORREI,AT? OR LINK### ON ESS

AT? OR CONNECT? OR INTERREI,AT? OR INTERCONNECT?) (15A) (WORD

R TERM# OR EXPRESSION# OR PHRASE? OR IDIOM?)
33 SEA L]-]- AND L34
12 SEA HYPERNYM? OR HYPONYM?

613 SEA (EXPAND? OR EXPANSION? OR EXTEND? OR EXTENSION? OR INC

S? OR SPREAD?) (P)L11
117 SEA L37 AND L2O

2 SEA L38 AND L34
]-9 SEA L38 AND L21
16 sEA L40 NoT FD>=19970307

228 SEA (]NTERSECT? OR CROSS### OR INTERCROSS?) (P)L11
O SEA L41 AND L42
O SEA L41 AND L36

L1
L2
L3
L4

LO
f1

Lat

L9
L10
Ll1
RT

LI2
L13
Ll4
L15
L16
L]-7
LI- U

L19
L20

"AB
L27
L22
LZ5
a aA

LZ3
L26
f aa

L2B
L29
L30
L31
JJJ Z

L55

L5q

l+^
Iv

L55
L50
JJS I

REA

L3B
LJ Y

L40
L4L
f Aa

L43
L44
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.LZt O

L47

L4B
DTF

L49
L50

)-3 Z

f tr,A

LJb

19 SEA r=?9 0R L40)
1 SEA AND (L36 oR L42)
3 SEA Lg5 NOT L41

FILE ',JPO' ENTERED AT L7:L7:46 ON 26 AUG 1-999
1118 SEA (LOGICAL?) (5A) (FORM# oR GRAPH? OR CHART# OR DIAGRAM? O

ABLE OR TABLES OR TREE# OR TRIE OR TRIES)
64 SEA L2O AND L21

O SEA L48 AND L49
29 SEA L4B AND L2O
3 SEA L48 AND L21

73 SEA L37 0R r,42
3 SEA L51 AND L53
6 SEA L52 OR L54
O SEA HYPERNYM? OR HYPONYM?

FILE 'USPAT' ENTERED AT l-7:2'l:48 ON 26 AUG 1999

FILE USPAT***** ***************************
U. S. P A T E N T T E X T F I L E ' *

*
THE WEEKLY PATENT TEXT AND IMAGE DATA IS CURRNNT *

THROUGH AUGUST 24t]-999
x
*

* t( t( * * * * * * * * * * * * t( * * * * * * * * * * * * * J<

F]LE JPO
* * * * * * ** * ** **** * ** * * ********t(** x

*GpI*
* J A P.A N E S E P A T E N T A B S T R A C T S *
**
* THE FILE IS CURRENT THROUGH APRIL 31, 1999, '<********************************
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File 1: ERIC 1966-1'999 /Auq
(c) format only 1999 The Dialog corporation

Set Ttems DescriPtlon

?b 41-1
26auq99 16:33:07 User219581- Session D213'I

File 411:DIALINDEX(R)

DIALINDEX (R)
(c) 1999 The Diatog Corporation plc

*** DIAT,INDEX search resul-ts display in an abbreviated ***
*** format unless you enter the SET DETAIL ON command' ***

?sf alJ-pat, compSci, eecomp, electron, pcinfo, software, telecom, telebus, language
You have 75 fifes in your file List.
(To see banners' use sHoW FILES command)

Your SELECT statemenL is:
s (loglc or logicaf?) (5n) (form or forms or graph? or diagram? or chart?

or table or Lables or tree or trees or trie or tries) and
semantic?(10n) (relat? or link? or connect? or interrelat? or interconnect?)

Items File

7 3402 cl,AIMS (R)/US Patent-1950-99/Aug 17

I 342: Derwent Patents Citation lndx 1978-98/9928
49 3 4 B : European Patents-1 g'7 8-Iggg /euq wa I

,, 2 652: US Patents Fulltext-19'11'-I9'1 9

13 653: US Patents Fulltext-l-980-1989
L82 654: US Pat.Futl-. 1990-1999/Aug 24

2t INSPEC 1969-1999/Aug W3
^ r'7 taaat,o: N t J-b oq-.t-v>>,, Sep W3

8: Ei C5mpendex(R) 1970-1999/Aug W3

25 34: SciSearch(R) ciEed Ref Sci-\990-1999/Aug W4

3235lDissertationAbstractsonlinelS5l_1999/Aug
5 103: Energy SciTec-l974-llggg/Aug BT

2 1"OB: Aerospace Database-!962-I999/Auq
20 144; Pascal-1973-1999/Jul-
4 202: InformStion scienee Abs '-1966-1999/Apt

38 239: Mathscl (R) 
-1940-1999/Aug- 26 275r Gafe Group Computer DB(TM)-1983-1-999/Aug 26

I 647: CMP Computer Fulltext-1988-1999/Aug W3

23 15: ABr/TNFORM(R)-l-971-1999/Auq 25
2 15: Gal-e Group PROMT (R)-l-972-l-999/Pltq 26

13 149: Gale Group Trade C Tndustry DB_1975-1-999/Aug 26
' 1 255: SoftBase:Reviews,Companies&Prods'-85-1999/Jul

Exb.mined 50 fiLes
262:-:GafeGroupNewProd.Annou.(R)_19s5-1"999/Auq26
2 624: McGraw-Hil-I Publ-j-cations-1985-1999 /Aug 26
I 2IIr Gale Group Newsearch(TM)-1997-1-999/Auq 26
I 649: Gal-e Group Newswire ASAP(TM)-1999/Aug 26
2 l: ERIC-I-966-1999/Aug
4 7: Sociaf SciSearch (R)-1972-1-999/Auq W4

7 LI: PsYcINFo(R)-1967-1999/Aug
7L 36: Ling. & Lang:Behav.Abs-1973-1"998/Q4
1 37: Sociol-ogical Abstr;-1963-1999/Feb

11 B8: Gal-e Group Businessl.n.T.s.-1 9?6-1999/Aug 26

13 436t Humaniti-es Abs Full- Text-L984-1999/Jul

33 files have one or more items; fil-e list includes 75 files.

?b hirs
26aug99 16246:53 Use1219581 Session D213'2

44
7

I6
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$18.11 L4.4 DialUni-ts Fi1e411

SYSTEM:OS - DIALOG OneSearch
File 340: CLAIMS (R) /Us Patent L950-99/Aug 17

(c) 1999 IEI/ Plenum Data Corp
*File 340: Price increase effective June 1, 1999. U's. Provisional
AppJ-ications now searchable. See HELP NEWS 340 for more information.

File 342:Derwent Patents Citati-on Indx '1918-98/9928
(c) 1999 Derwent Info Ltd

*Fi"le 342: Derwent changes DialUnit pricing from May 1-, L999. See
HELP DERWENT for details.

Fite 348:European Patents L918-I999lAug W33
(c) 1999 European Patent Office

*File 348: ** NEW FEATURE ** English language transfations of French
and German abstracLs now searchable. See HELP NEWS 348 for info.

File 652:US Patents Fulltext 197L-]-979
(c) format only 1999 The Dialog Corp.

*Fil-e 652: Reassignment data now current through 07/09/99
Reexamination, extension, expiration, reinstatement updated weekly.

Fil-e 653:US Patents Ful-ltext 1980-1989
(c) format only 1999 The Dialog Corp.

*File 653: Reassj-gnment data now current through 07/09/99.
Reexami-naLion, extension, explration, reinstatement updated weekly.

Fil-e 654:US Pat.Ful-f. 1990-1999/Aug 24
(c) format only 1999 The Dialog Corp.

*File 654: Reassignment data current through 01/09/99.
Fil-e 2: INSPEC 1969-1999/Aug W3

(c) 1999 Institution of Electrlcal Engineers
FiIe 6TNTIS 64-L999/Sep W3

Comp&distr 1998 NTIS, Intl Copyright A11 Righ
File 8: Ei Compendex (R) 1970-199g/Aug W3

(c) 1999 Engineering Info. Inc.
Eife 34:SciSearch(R) Cited Ref Sci 1990-1999/Aug W4

(c) 1999 Inst for Sci Tnfo
File 35: Di-ssertation Abstracts Onl-ine L86I-1-999/Auq

(c) 1999 BelI c Howel-l
Fi-le 103:Energy SclTec 7974-I999/Aug 81

(c) 1999 Contalns copyrighted materj-al-
*Fj-l-e l-03: Energy Science and Technology has been brought up to date.

File 108:Aerospace Database 7962-1999/Aug
(c) 1999 AIAA

File 144:Pascal- 7973-7999/JuI
(c) 1999 rNlST/CNRS

Fil-e 202:InformaLion Science Abs, 1966-1999/Apr
(c) fnformation Today, Inc

Fil-e 239:Mathsci (R) 1940-1999/Auq
(c) 1999 American Mathematical Society

FiIe 275:Gal-e Group Computer DB(TM) 1983-1999/Aug 26
(C) 1999 The Gale Group

FiIe 647:CMP Computer Fulltext 1988-1999/Aug W3
(c) 1999 CMP

Fil-e 15iABr/TNFORM (R) l-9?l--1999 /Auq 25
(c) 1999 Bel-l & Howel-l-

File 16:Gal-e Group PROMT(R) I972-1999/Aug 26
(c) 1999 The Gale Group

File 148:Gale Group Trade & Industry DB 1 o1 A-'l Qoo / LIIft ) 6
J, 

'\4Y 
4v

(c) 1999 The Gale Group
Fil-e 256: SoftBase:Revj-ews, Companies&Prods. 85-1999/ JuI

( c) 1999 fnfo. Sources fnc
File 621:Gale Group New Prod.Annou. (R) 1985-1999/Aug 26

(c) 1999 The Gale Group
*Fil-e 621-: has been RELOADEDI and AccESSIoN numbers have changed!
For more details see artic.l-e on the IAC/GALE rel-oads in the MAY/JUNE chron

File 624:McGraw-Hil-l Publications l-985-1999 /Aug 26
(c) 1999 McGraw-Hill Co. Inc

File 211:Gale Group Newsearch(TM) L99'l-1999/Aug 26
(c) 1999 The Gale Group
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t l--Le

Fil-e

Fil-e

t 1re

- t _r1e
FlLe

Fil-e

Fi.l-e

File

?ds

Set
J-L

JZ

a,4

5J

)o

s7
S&
JY

s10
s11

S12
)t-5
s14

542L99

73
t3

85514

JIf,

s16
Ja /
e1a

s19
ern
s21
JZZ

JZJ

s24
c? q

JZ I

?t s25/6/L-3

25/6/1 (Item l from fil-e: 653)
0L41 2363
CONVERSATIONAL VIDEO SYSTEM HAVING LOCAL NETWORK CONTROL
FULL TEXT: 3956 lines

649: Gale Group Ne, -wire ASAP (TM) 1,999/Aug 2G
(c) 1999 The Gale Group
1: ERIC Ig66-Lggg/nug '
(c) format only 1999 The Dial-og Corporation
7: Social- SciSearch (R) Igj2-1-999lAuq W4
(c) 1999 Inst for Sel fnfo

11: PsycrNFo (R) 1"967-7999/Aug
(c) 1999 Amer. Psychological Assn.

11: Fil-e has been reloaded. Accessj-on numbers s1ar.r h:rre channed
36:Ling. & Lang.Behav.Abs 1973-1998/e4

(c) 1998 Sociological Abstr. Inc.
37 : Soci-ologj-ca1 Abstr. j_963-1 999 / Eeb

(e) 1999 Sociological Abstracts Inc
B8:Gal-e Group Business A.R.T.S. I91 6-Lggg/Aug 26

(c) 1999 The Gal_e Group
436:Humanities Abs Full- iext 1984-1999/Jul

(c) 1999 The HW WiLson Co

Items Descripti_on
93954 (LOGTC OR LOGICAL?) (5N) (FORM OR FORMS OR GRAPH? OR DIAGRAM?

OR CHART? OR TABLE OR TABLES OR TREE OR TREES OR TRIE OR TRI-

28T87 (EXPAND? OR EXPANSION? OR EXTEND? OR EXTENSTON? OR INCREAS?
oR SPREAD?) (S)51

12640 (TNTERSECT? OR CROSS? OR INTERCROSS?) (S)51
53080 (BUILD? OR CONSTRUCT? OR DEVELOP? OR GENERAT? OR CREAT? OR

ORIGINAT? OR MAKE OR MAKES OR MADE OR MAKING) (S) 51
4T751 SEMANT]C?(15N) (RELAT? OR LTNK? OR CONNECT? OR INTERRELAT? *

OR INTERCONNECT? OR CORRELAT? OR ASSOCIAT?)
259 HYPERNYM? OR HYPONYM?

71184 SYNONYM?
9113 52 AND 53 AND 53 AIID 54
1L4 58 AND 55

1 s9 AND 56
(SEARCH? OR RETRIEV?) (15N) (ENGINE? OR DATABASE? OR DATA BA_

SE? OR ]NFORMATION? )

59 AND S11
RD (unique items)
(MAp? OR LOCAT? OR POSTTION?) (15N) (PASSAGE? OR TEXT? OR pO_

RTION? OR SECTION? OR SUBSECTION? OR PART OR PARTS) (15N) (DOCU-
MENT? OR CORPORA OR CORPUS OR FILE OR FIT,ES OR RECORD? )

2I s13 AND S14
2I RD (un j_que ltems )

I5 516 NOT PY>1997
O S17 AND 56

31429 (I4,CTCH? OR COMPAR? OR PARALLEL?) (S)St_
16 S17 AND S19

1786560 INDEX? OR INDICE?
111413 (ALTERNATIVE? OR OPTIONAL? OR SUBSTITUT? OR SYNONYM?) (5N) (-

. WORD? OR TERM? OR EXPRESS]ON? OR PHRASE? OR IDIOM?)
8 s16 AND S22
3 s21 AND S23 r

3 RD (unique j-t.ems 
)

1 S25 NOT PY>1997
0 26/ 6/r

25/6/2 (rtem l- from file:
02981833
APPARATUS AND METHODS FOR

6s4 )

AN INFORMATION RETRIEVAL SYSTEM THAT EMPLOYS
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NATURAL I,ANGUAGE
FULL TEXT:

PROCESS-.,G OF SEARCH RESULTS
2 02 6 l-ines

TO IMPROVE - 'ERALL PRECISION

25/ 6/3
uzaz I oo I

(Item 2 from file: 654)

NATURAL LANGUAGE UNDERSTANDING SYSTEM
FULL TEXT: 1021 lines

? cost
26auq99 l-7r58:50 User219581 Sessi-on D21 3,3

$43.64 3.423 Dial-Units Fil-e340
$43.64 Estimated cost Fi1e340

$7.93 0.688 DialUnits Fil-e342
S7.93 Estimated cost File342

$27.09 6.373 Dia1Units Fil-e348
$3 . 00 2 Type (s ) i-n Format 3

$0.00 2 Type(s) in Format 6

$3.00 4 Types
$30.09 Estimated cosL Flle348

$19.31 3.511 Dia.l-Units Fil-e652
$19.31 Estimated cost Fil-e652

526.56 4.829 Dial-Units Fi1e653
$3.60 6 Type(s) in Format 3
$0.00 6 Type(s) in Format 6

$3. 60 12 Types
$30.16 Estimated cost File653

$47.89 8.708 DialUnits
C1n (v.'. E0 18 Type (s ) in
$0.00 19 Type(s) in

$10.80 37 Types
$58.69 Estimated cost Fi1e654

". $11.15 2,I24 Dial-Units
$11.15 Estimated cost File2

$3.99 0.126 DialUnits
$3.99 Estimated cost Fil-e6

to.f,l_ r-.uu4 ul-alunlEs
$6.51 Estimated cost Fil-e8

$2I.12 I .7 82 Dial-Units
52L.12 Estimated cost. Fi1e34

' $2.33 0.581 DialUnits
$2.33 Estimated cost Fil-e35

P I .52 I. JqU DIATUNIES
S1 .32 Esti-mated cost File103

$2.54 0.596 Dial-Units
$2.54 Estimated cost Fil-e108

$9.04 2.182 'DialUnits
$9.04 EsLimated cost File144

$2.16 0.361 DialUnits
$2.16 Esti-mated cost Fi1e202

$ l- . 57 0 . 418 DialUnits
$1.57 Estimated cost Fil-e239

$6. 03 1. 149 Dia]Units
$6.03 Estimated cost Fi1e275

$2.29 0.458 Dial-Units
52.29 Estimated cost FiLe647

SI2 .21 2. 32 6 Dial-Units
SI2.2I Estimated cost Fil-e15

$16. 87 3,214 DialUnits
$16.87 Esti-mated cost Fil-e16

$2L.07 4 .014 Dial-Units
S2I.01 Estimated cost FiLe148

$1.20 0.252 DialUnits
$1.20 Estimated cost Fi1e256

$6. 10 1. 161 DialUnits
$6.10 Estimated cost File621

$4.25 0.773 DialUnits
$4.25 Estimated cost Fife624

I 1rebSq
FormaL 3
FormaL 6

r rrez

r'1_L e b

! Ll.eU

I l-_1e54

Fi1e35

Fil-e103

Fil- e 10 8

Fil-e1-44

E LLEZU Z

Fil- e2 3 9

FiIe275

I rreb4 /

Filel-5

Fil-e16

..;r'l_retrtu

t r_Lez 5 b

t l-rebz t

FiIe624

Page 329 of 364



c1 ?E,
aL. tJ

$11.43

91.2s

$6.89

$1.46

$0.79

+r.r_o

$8.17

c n ?'7

i361".24

$1.75 0. zr - DialUnits Fi1e211
Estimated cost Fil-e2l-1

$11.43 2.I"'l'l DialUnits Fil-e649
Estimated cost File649
$1.25 0.385 DialUnits Fil-e1
Esti-mated cost FiIeL
$6. 89 0 . 505 DialUni-ts File7
Estimated cost Fi-le7
DI.. {O U.LIqY UIA-LUNIES T-I-LC-LI
Estimated cost Fil-e11
$0.79 0.315 Dial-Units File36
Estimated cost Fil-e36
$1.16 0.387 Di-alUnits Fi1e37
Estimated cost Fil-e37
$ B . 1? I .923 Dial-Units FileS 8

Estimated cost Fil-e88
$0.7? 0.342 DialUnits Fi1e436
Estimated cost Fi1e436
OneSearch, 33 f iles, 59 . 768 Dial-Units Fil-eOS
FTSNET 1.200 Hrs.
Estimated cost this search
Esti-mated totaL session cost 14.3I8 Dial-Units

!

Iogoff hold
26aug99 18 : 04 : 15 User2L95B1 Sessj-on

$36I.24 Estimated cost this search
S379.55 Estimated total session cost

D213.3

74.318 DialUnits

### status: Signed off. (92 minutes)
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Application or Docket Number

i llSgrll c+PATENTAPPLIcATIoNFEEDETERM|NAT|oNREcoRD

CLAIMS AS FILED - PART I SMALL ENTITY OTHER THAN

rvpe E oR SMALL ENTITY

RATE FEE

x$11 =

X'{0=

+ 130=

TOTAL

OR

OR

OR

OR

t 
lf the dit{erence in column 1 is less than zero, enter'0' in column 2

OR TOTAL

CLAIMS AS AMENDED - PART II
SMALL ENTIW

OTHER THAN
OR SMALL ENTITY

SlqAI (cotumn l) (Column 2) (Golumn 3)

RATE
ADDI.

TIONAL
FEE

x$ {'=

x.Jl=

+l3o =
TOTAL

AODIT. FEE

OR

OR

OR

o* oo'loJlL
(Column 1) (Column 2) (Column 3)

OR

OR

OR

ADDIT.
o" ooololAL

(Column 1) (Column 2) (Column 3)

RATE

ADDI-
TIONAL

FEE

x$=
X=

+,,,1=
TOTAL

ADDIT. FEE

OR

OR

OR

ls less than the ontry ln column 2, wdte r0'lncolumn 3'

Frlf;itiliv i"an F67 tN rxts sPAcE ls loss than 20' 0r

b;;ffi;ii i'iio rorlr rHrs. sPAcErsf.tP- Sgt*E
o* ooo,loJll\ t 

" 
snw ln column 1 ls loss than the ontry ln odumn 2' wdto r0' ln column 3'

ji.li se *iqr*Trill:i ir*ilii? Bil: E# N Tns sFlSE i: n:: nn il;:$:';'r'
[,$";fl1l:rt-Tffi$t*

RATE

ADDI.
TIONAL

FEE

x$l =

X=

f

TOTAL
IT. FEE

MULTIPLE DEPENDENT CLAIM PRESENT

HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

CLAIMS
REMAINING

AFTER
AMENDMENT

eq
t-*z
LU

=oz
UI

=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

CLAIMS
REMAINING

AFTER
AMENDMENT

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

CLAIMS
REMAINING

AFTER
AMENDMENT

Fz
UJ

=oz
ul

=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM
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Application or Docket Number

PATENT APPLICATION FEE DETERMINATION RECORD

Effective October 1, 1996

CLAIMSASFILED - PART I rae OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY

FOR : NUMBER FILED NUMBER EXTRA

BASIC FEE

foo[30
MULTIPLE DEPENDENT CLAIM PRESENT

* if the difference in column‘1 is less than zero, enter “O” in column 2

CLAIMS AS AMENDED - PARTI. OTHER THAN

(Column 1) (Column.2) (Column 3) SMALL ENTITY

HIGHEST

; NUMBER “PRESENT
B) PREVIOUSLY. |. EXTRA
| PAID FOR.

< |
- p
Ze
wif
=
Q
=
Lu
Ss
<q_| FIRST PRESENTATION OF MULTIPLEDEPENDENTCLAIM

(Column)2(Column2) Column 3)- es ee eens : ABELEEE
| eee, =6HIGHEST| a

_ _ NUMBER. | PRESENT |
me, PREVIOUSLY | 

Page 332 of 364.



\

.o8
NAME (PLEASE

t4EssEKL), u.f a l,
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   “STAPLE AREA
3,

a _ be _. U.S.GOVERNMENT PRINZINGOFOEFIGE 1997-430-220

PATENT NUMBER ‘ ORIGINAL CLASSIFICATION” ve

> APPLICATIO SERIAL NOWGER— a (RAE : ~~ CROSSREFERENCE|S)
08/986,B14

/ APPLICANTs NAME PLEASE PRINT) a

_ HESSERLY,aa
: msREISSUE,.ORIGINALPATE TNUMEE ee

  

  
 

 
MENTOFCOMMERCE
NO:TRADEM, AK OFFICE :
 

a
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Staple lssue Slip Here

t-t +t\

POStflON ID NO. DATE
z

CLASSIFIER

EXAMINER i,'l:rt'J; /) C't tl /&ta/4'7
TYPIST

'i
I

VERIFIER \[ U
CORP$ CORR.

SPEC. HAND

FILE MAINT.

DRAFTING

Claim Date

6c
I

(E

'6t

to
q
\s $

\r +
-t- 2 t
7 3 f
4 4 +

c

t- o +-

* 7 .t
I T

Ot I .l-
tf) 10 +
ll 11 +
il 12 +
l1 13 + t>
tl 14 +

't5 l-
itr 16 -f 7
m 17 -t-
t0 18

19 +
?c 20 f -t
?l 21 +

"Y
f
.t

+
t
+
+

+
'+'
+
+
.+-

+
+-
+
I
+-
4.
'r
.+-

-F-

+-
I
1-

INDEX OF CLAIMS

sYME0ts

J ...........................,..... Rolacted

.... AllowBd

- Ohrou0h numbetall Canc6led

+ ......,.......................... R0slricisd
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