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SQL Query for fascinating art not ugly 
Select art. num, 

art.artDescription 
from art, 

artAdjective 
where art.artAdjectiveNum = artAdjective.num 
and artAdjective. adjective = "fascinating' 
and artAdjectiveNum not in 

(select distinct num from artAdjective where adjective = "ugly) 

Relational Data Base Engine 
adjective table 
adjective 

artAdjective table 
num adjective relation - a 

strange ugly 
desirable undesirable 
charming strange 
edible fascinating 
desirable charming 
fascinating edible 
desirable 
fascinating 
stained glass 
lead 
ugly 

stained glass 
lead 

artDescription 

dancers made of children's blocks 
delicate figurines of pasta 
stained glass statues of people 

Query Output 
num artDescription 

delicate figurines of pasta FIG. 8 
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Image Processing Of Face Expressions (PRIOR ART) 
step 1 

input image 

step 1 

input sounds 
by amplitude 
Over time 

step 2 step 3 

trace mouth 
COntOurS 
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FIG. 9 

step 2 step 3 

fast Fourier 
transform to map 
vibrational frequency 
bands over time 

identify 
phonemes as 
transitions of 

step 4 

identify face 
expression 

happy face 

quizzzical face 

angry face 

identify 
Words 
as transitions 

frequency bands of phonemes 
sheet 

  

  



Patent Application Publication Apr. 26, 2007 Sheet 10 of 52 US 2007/0094225A1 

Semantic Network Dictionary 
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input text, Sounds, images 

step 1 FIG. 9 & 10 pre-processors maps new input to nodes from text, sounds, 
images to semantic nodes, passing accumulated nodes to filters 

category set filter X 

category node set 

context type 

topology fitter 
(default 

general hierarchy) 

topology type 

step 2 
Collect set of candidate nodes 

step 3 
for context type and each candidate node, find 
candidate node with best contextual distance 

step 4 
return a Subset of candidate nodes tied for best contextual distance 

ZN 7 Context type filter 
ZN (default 'and') 

Context node filter ZN 

Context node set 

step 6 
get textual, verbal and 
visual response step 5 

generate summary of subset of candidate nodes: 

step 7 
aSSSS 
response if deny or ask, process the response 

with current set of candidate nodes 

if complain, process the response 
without the current set of candidate nodes 

G if confirm, store summary of subset of candidate nodes 
FIG. 12 with processed input 

  

  

    

  

    

    

  

  

  

  

    

  

  

  

  



Patent Application Publication Apr. 26, 2007 Sheet 12 of 52 US 2007/0094225A1 

Stage Filters 
stage: filter type: filter accepts these kinds of nodes: 
Start traversal type filter nodes describing semantic network traversal methods 
Start category node filter nodes which are adjectives or adverbs 
Start context type filter nodes which are prepositions, e.g. 'and', 'or' and "not" 
Start Context node filter nodes which are nouns or verbs 

middle Category node filter 
middle context node filter 

nodes which are topics of conversation 
nodes already identified in conversation 

FIG. 13 

Topology Traversal Methods 
topology type: method traverses semantic network: 

category hierarchy inherited is-links 
general hierarchy any inherited links 
part-of hierarchy inherited part-of links 
enclosing hierarchy encloses-is-a-links 
list of nodes Category list 

FIG. 14 

Best Contextual Distance Functions 
context type: best contextual distance function: 

and minimum average distance 
and equivalent minimum average distance, not counting is-a links 
O minimum distance 
not maximum average distance 
absolutely not infinite minimum distance 
pronoun minimum average distance 

FIG. 15 
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input text input image of 
"fascinating art" quizzical face 

step 1 
FIG. 9 & 10 pre-processors maps new input to nodes 
fascinating and art, maps image input into a quizzical face node 

topology filter default 
'general hierarchy) 

s 

category set filter context node filter 

N7 Context type filter 
ZY (default 'and') category node set 

fascinating topology type 
general hierarchy 

context type 
and step 2 

Collect set of Candidate nodes: 
1) charming 
2) delicate figurines of pasta 
3) stained glass statues of people 

step 3 
for context type and each candidate node, find candidate nodes with best contextual 
distance relative to context node set: 
1) charming - delicate figurines of pasta - art, 2 links; charming - fascinating - 

confirm - response type - ask - what - quizzical face, 6 links; 
2) delicate figurines of pasta - art, 1 link, delicate figurines of pasta - edible - 

desirable - confirm - response type - ask - what - quizzical face, 6 links 
3)stained glass statues of people - art, 1 link, stained glass statues of people - 
fascinating - desirable - confirm - response type - ask - what - quizzical face, 6 links 

context node set 
art, quizzical face 

step 4 
return a subset of candidate nodes tied for 
best contextual distance (of min average distance): 
2) delicate figurines of pasta, 1--6 links 
3)stained glass statues of people, 1--6 links 

step 6 
get "not ugly" verbal 
response and "unhappy 
face" visual response 

step 5 
generate summary of subset of candidate nodes: 
"delicate figurines of pasta or 
stained glass statues of people" 

get deny, so process the response 
"not ugly" with current set of candidate nodes 

step 7 
aSSeSS 
response 

not complain, so do not process the response 
without the current set of Candidate nodes 

FIG. 1 not confirm, so do not store summary of subset of candidate 
16 nodes with deconstructed input 
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input nodes: 
"list of nodes" and input category list: 
2) delicate figurines of pasta input image: 
3) stained glass statues of people sad face 

input text: "not ugly" 

step 1 FIG. 9 & 10 pre-processors maps new input to nodes "not", "ugly:1, and 
"ugly:2 and " maps input image to sad face node to get more nodes 

M1 Xcontext type filter 

context type 
Of 

Context node filter 

Y1 category set filter topology filter X 

topology type 
list of nodes 

step 2 
collect set of candidate nodes: 
2) delicate figurines of pasta 
3) stained glass statues of people 

N 

category node set (from category list) 
2) delicate figurines of pasta 
3) stained glass statues of people 

ZN 

context node set 
ugly. 1, ugly2, 
sad face 

step 3 
for context type and each candidate node, find candidate nodes with best contextual 
distance relative to context node set: 
2) delicate figurines of pasta - charming - fascinating - desirable - adjective - 

undesirable - ugly: 1, 6 links, charming figurines of pasta - charming - fascinating - 
desirable - entertaining - scary - ugly;2, 6 links; delicate figurines of pasta - edible - 
desirable - confirm - response type - deny - no - sad face, 7 links 

3)stained glass statues of people - stained glass - lead-toxic substance - ugly. 1, 4 
links, stained glass statues of people - fascinating --desirable - entertaining 
scary - ugly;2, 5 links, stained glass statues of people - fascinating - desirable - 
confirm - response type - deny - no - sad face, 7 links 

step 4 
return a subset of candidate nodes tied for best 
contextual distance (of max average distance): 
2) delicate figurines of pasta, 6 + 6 + 7 links 

step 6 
get "happy face” visual 
reSPOnSea 

step 5 
generate summary of Subset of candidate nodes: 
"delicate figurines of pasta" 

not deny or ask, so do not process the response 
"happy face" with current set of candidate nodes 

not complain, so do not process the response 
without the current Set of candidate nodes 

FIG. 17 got confirm, so store summary of subset of candidate nodes with processed input 

step 7 
aSSeSS 
response 
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Assessment Of Response 
input text "not ugly" 
input nodes sad face, not 

context node filterK 
Context node set 
sad face, not, ugly.1 

step 7a 
disambiguate polysemy of input: 
1) ugly.1 
2) ugly.2 

step 7b 
collect set of response type nodes: 
1) deny 
2) confirm 
3) ask 
4) complain 

step 7c 
for context type and each response type node, 
compute best contextual distance to context node set: 
1) deny - no - sad face, 2 links, 
deny - no - not, 2 links; 
deny - undesirable - ugly, 2 links; 
2+2+2= 6 links 

2) confirm - response type - deny - no - sad face, 4 links 
confirm - response type - deny - no - not, 4 links, 
confirm - response type - deny - undesirable - ugly, 4 links, 
4 + 4 + 4 = 12 links 

3) ask - response type - deny - no - sad face, 4 links 
ask - response type - deny - no - not, 4 links, 
ask - response type - deny - undesirable - ugly, 4 links, 
4 + 4 + 4 = 12 links 

4) complain - response type - deny - no - sad face, 4 links 
complain - response type - deny - no - not, 4 links; 
complain - response type - deny - undesirable - ugly, 4 links, 
4 + 4 + 4 = 12 links 

step 7d 
return a subset of response type nodes tied for best contextual distance 
2) deny, 2 + 2 + 2 = 6 links 

step 7e 
perform actions associated in FIG. 10 with subset of response type nodes 
2) deny - process response as continued input 

FIG. 18 
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Assessment Of Response 

no input text 
input nodes happy face 

context node filterX step 7a no polysemy of input to 
Context node set disambiguate 
happy face 

step 7b 
Collect set of response type nodes: 
1) deny 
2) confirm 
3) ask 
4) complain 

step 7c 
for context type and each candidate node, find candidate nodes with 
best contextual distance relative to context node Set: 
1) deny - no - sad face - image type - Smiling face, 4 links 
2) confirm - yes - smiling face, 2 links 
3) ask - what - quizzical face - image type - smiling face, 4 links 
4) complain - problem - angry face - image type - smiling face, 4 links 

step 7d 
return a subset of response type nodes tied for best contextual distance 
2) confirm - yes - smiling face, 2 links 

step 7e 
perform actions associated in FIG. 12 with subset of response type nodes 
2) confirm -store summary of candidate nodes with deconstructed input 

FIG. 19 
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Disambiguation Of Polysemy 

input image 
happy face 

step 7a1 
FIG. 9 & 10 pre-processors maps new input to nodes gathers input and identifies 
polysemy within input, passing each polysemous symbol to input category set 
One at a time 

X category set filter 

Category node set 
ugly context type filter 

(default 'and') 
context node filter X 

step 7a2 
collect set of polysemous candidate nodes: 
1) ugly.1 
2) ugly.2 

context type 
al cotype Context node set 

happy face 

step 7a3 
for context type and each candidate node, find candidate nodes with best contextual 
distance relative to context node Set: 
1) ugly: 1 - undesirable - deny - response type - confirm - yes - happy face, 6 links 
2) ugly.2 - Scary - desirable - Confirm - yes - happy face, 5 links 

FIG. 20 step 7a4 
return a Subset of Candidate nodes tied for 
best relationship distance 
1) ugly.2, 5 links 

  

  

  

  

  

  



Patent Application Publication Apr. 26, 2007 Sheet 18 of 52 US 2007/0094225A1 

Disambiguation Of Polysemy 
input image 
sad face 

step 7a 1 
FIG. 9 & 10 pre-processors maps new input to nodes gathers input and identifies 
polysemy within input, passing each polysemous symbol to input category set 
One at a time 

X category set filter 

t d gory nOde Set context type filter X 
(default 'and') ZN 

context node filter X 
step 7a2 context type 
Collect set of polysemous candidate nodes: and 1) ugly.1 Context node Set 
2) ugly.2 sad face 

step 7a3 
for context type and each candidate node, compute best contextual distance to 
Context node Set 
1) ugly: 1 - undesirable - deny - no - sad face, 4 links 
2) ugly.2 - scary - desirable - confirm - response type - deny - no - sad face, 7 links 

FIG. 21 
step 7a4 
return a subset of candidate nodes tied for 
best relationship distance 
1) ugly. 1, 4 links 
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input phrase tree input phrase tree subset 

step 1 (having sub-steps a through C in any order) 
a) from phrase tree subset, identify keyword and Context type and 
Corresponding best contextual distance function, 
b) identify context node set from phrase tree subset, 

c) identify candidate node set from phrase tree nodes 
not in phrase tree subset 

step 2 
using context type's best contextual distance function, for each node in 
candidate node set compute it's contextual distance to context node set 

step 3 
use keyword to connect context node set to candidate node or nodes 
having the best contextual distance 

FIG. 22 

Semantic Network Dictionary 
adjective OUn 

agt of a sprinkling of - /\ 
Would like needs 

melted 

pizza 
dressing lettuce tomato starch 

cheese: 1 
cheese.2 potatoes 

mozzarella 

blue cheese Special platter 

FIG. 23 
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She 
N 
would like 

salad 
N 
not 

and 
N 
potatoes 

FIG. 24 

input phrase tree subset 
delimited by keyword 'and' 
and-potatoes input phrase tree 

She - would like - salad - not-steak-and-potatoes 

step 1 (having Sub-steps a through C in any order) 
a) from phrase tree subset, identify context type (and) and corresponding 
best contextual distance function (minimum average distance) 
b) identify context node set from phrase tree subset (potatoes), 

c) identify candidate node set from phrase tree nodes 
not in phrase tree subset (She, would like, salad, not, steak) 

step 2 
using context type's best contextual distance function, for each node in 
candidate node set compute it's contextual distance to context node set 

steak (steak - special platter-potatoes: 2 links) 
not (no connection to potatoes) 
salad (salad - lettuce - special platter-potatoes: 3 links) 
would like (no connection to potatoes) 
She (She - noun - food-starch - potatoes: 3 links) 

step 3 
use keyword 'and' to connect context node set to candidate node or 
nodes having the best contextual distance: connect potatoes to steak 

FIG. 25 
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input phrase tree 
She - would like - salad - not - steak - and - blue cheese - dressing 

keyword 'and', 
input phrase tree Subset 
and - blue cheese-dressing 

step 1 (having sub-steps a through C in any order) 
a) from phrase tree subset, identify context type (and) and Corresponding 
best contextual distance function (minimum average distance) 
b) identify context node set from phrase tree subset (blue cheese, dressing), 

c) identify candidate node set from phrase tree nodes 
not in phrase tree subset (She, would like, salad, not, steak) 

step 2 
using context type's best contextual distance function, for each node in 
candidate node set compute it's contextual distance to context node set 
1) steak (steak - special platter-potatoes. 2 links) 
2) not (no connection to blue cheese, no connection to dressing) 
3) Salad (Salad-dressing - cheese - blue cheese, 3 links, 

salad-dressing: 1 link; 
average distance 2 links) 

4) would like (no connection to blue cheese, no connection to dressing) 
5) She (She - noun - dressing - cheese - blue cheese: 4 links; 

She - noun - dressing: 2 links, 
average distance 3 links) 

step 3 
connect phrase tree subset to candidate node or nodes having the best 
Contextual distance: connect blue cheese, dressing to salad (3) 

FIG. 29 
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Augmented Semantic Network Dictionary 
adjective OUIn verb 

a lot of a sprinkling of She food 
Would like needs 

melted 

pizza 
dressing lettuce tomato meat starch 

Conversation \ 
cheese: 1 Ad k Stea Otatoes 

cheese:2 p 

mozzarella Salad 

blue cheese special platter 

She:2 

WOuld like:2 

Salad:2 

blue cheese:2 

dressing:2 

FIG. 30 
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"She would like a lot of Cheese" 
using Augmented Semantic Network Dictionary (FIG. 30) 

Context node set 
She:2- would like:2-salada - blue cheese:2-dressing:2- a lot of 

Category type category node set Context type 
Category hierarchy Cheese and 

step 1 
collect set of candidate nodes: 

1) cheese: 1 
2) cheese.2 

step 2 
for context type and each candidate node, 
compute best contextual distance to context node set 

1) cheese: 1 - pizza - food - noun - She - She:2 (6 links) 
cheese: 1 - pizza - food - noun - She - She:2- would like.2 (7 links) 
cheese: 1 - pizza - food- lettuce - Salad-salada (5 links) 
cheese: 1 - pizza - food-dressing - dressing:2- blue cheese;2 (5 links) 
cheese: 1 - pizza - food - dressing - dressing:2 - (4 links) 
cheese: 1 - a lot of (1 link) 
(Average of 28/6 = 4.66 links) 

2) cheese:2- blue cheese -blue cheese:2 - and - would like:2- She:2 (5 links) 
cheese;2 - blue cheese -blue cheese;2 - and - would like:2 (4 links) 
cheese;2-blue cheese -blue cheese;2 - and - salad? (4 links) 
cheese;2 - blue cheese - blue cheese.2 (2 links) 
cheese:2-dressing - dressing:2 ( 1 link) 
cheese;2 - a sprinking of -adjective - a lot of (3 links) 
(Average 19/6 = 3.16 links) 

step 3 
return a subset of candidate nodes tied for best contextual distance 
2) cheese.2 (3.16 links average) 

FG. 31 
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Conversational Semantic Network Dictionary 
adjective verb 

a lot of a sprinkling of /\ 
Would like needs 

meat starch 
cheese: conversation \ 

toe cheese:2 potatoes 

mozzarella 

blue cheese special platter 

She:2 

would like;2 

FIG. 32 
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"She would like a lot of Cheese" 
using Conversational Semantic Network Dictionary (FIG. 23) 

input context node set 
She;2 - would like:2 - a lot of 

input category type input category set input Context type 
category hierarchy Cheese and 

step 1 
Collect set of candidate nodes: 

1) cheese: 1 
2) cheese.2 

step 2 
for context type and each candidate node, 
compute best contextual distance to context node set 

1) cheese: 1 - pizza - food - noun - She - She:2 (5 links) 
cheese: 1 - pizza - food - noun - She - She:2- would like:2 (6 links) 
cheese: 1 - a lot of (1 link) 
(Average of 12/3 = 4 links) 

2) cheese;2 - dressing - food - noun - She - She:2 (5 links) 
cheese:2-dressing - food-noun - She - She:2 - would like.2 (6 links) 
cheese:2- a sprinking of-adjective - a lot of (3 links) 
(Average 14/3 = 4.66 links) 

step 3 
return a subset of candidate nodes tied for best contextual distance 

1) cheese. 1, 4 links average 

FIG. 33 
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Semantic Network Dictionary 

possessive pronoun noun verb adjective adverb 

should be WaS 
it she he food ready here 

said 

punctuation 

her his Amy Dana Harold Ted 

FIG. 34 

should be 
N 
here 

FIG. 35 
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input phrase tree 
Amy - should be - here - ... - Harold - said - her - food - was - ready 

pronoun keyword her, 
input phrase tree subset 
her, food 

step 1 (in any order) 
a) from phrase tree subset, identify context type (pronoun) and 
corresponding best contextual distance function (minimum average distance) 

b) identify context node set from phrase tree subset (her, food), 
c) identify candidate node set from phrase tree nodes 
not in phrase tree subset: 

(Amy - should be - here - ... - Harold - said - was - ready) 

step 2 
according to best contextual distance function, for each candidate node in 
candidate node set compute it's contextual distance to context node set: 

1) Amy (Amy - she - her: 2 links, 
Amy - she - noun - food: 3 links; 
average 2.5 links) 

2) should be (no connection to her, no connection to food) 
3) here (no connection to her, no connection to food) 
4) (no connection to her, no connection to food) 
5) Harold (Harold- he - noun - she - her: 4 links; 

Harold - he - noun - food: 3 links, 
average 3.5 links ) 

6) said (no connection to her, no connection to food) 
7) was (no connection) 
8) ready (no connection) 

step 3 
Connect phrase tree subset to candidate node or nodes having the best 
contextual distance: connect her to Amy (1) 

FIG. 36 
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Amy 
N 
should be 

N 
here 

FIG. 37 
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input phrase tree 
Amy - should be - here - ... - Harold - said - his - food- was - ready 

pronoun keyword his, 
input phrase tree subset 
his, food 

step 1 (having sub-steps a through C in any order) 
a) from phrase tree subset, identify context type (pronoun) and 
corresponding best contextual distance function (minimum average distance) 
b) identify context node set from phrase tree subset (his, food), 

c) identify candidate node set from phrase tree nodes 
not in phrase tree subset: 

(Amy - should be - here - ... - Harold - said - was - ready) 

step 2 
according to best contextual distance function, for each candidate node in 
candidate node set compute it's contextual distance to context node set: 

1) Amy (Amy - she - noun - he - his: 4 links; 
Amy - she - noun - food: 3 links; 
average 3.5 links) 

2) should be (no connection to her, no connection to food) 
3) here (no connection to her, no connection to food) 
4) (no connection to her, no connection to food) 
5) Harold (Harold- he - his: 2 links, 

Harold - he - noun - food 3 links; 
average 2.5 links ) 

6) said (no connection to her, no connection to food) 
7) was (no connection) 
8) ready (no connection) 

step 3 
connect phrase tree subset to candidate node or nodes having the best 
contextual distance: connect her to Harold (5) 

FIG 38 
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transitive relation 

/ 
bigger than 

/ 
encloses: 1 municipality 

encloses:2 Chicago: 1 Tokyo 
/ 

Street 

encloses:3 Chicago:2 main 

house sidewalk utility lines 

encloses:4 

/ 
rOO 

kitchen bedroom 

encloses:5 appliance 

AN7 N. 
bread box StOWe lawnmower 

encloses: 6 

N 
bread 

u1 N 
whole wheat Chicago:3 

FIG. 39 
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Chicago bigger than bread box 

input spelling input relationship node input context type input context node list 
Chicago bigger than and bread box 

step 1 
Collect candidate node set 

step 2 
for each candidate node, traverse to identify which are 
candidate nodes of context node list, via any inherited 
link to a category inheritor of relationship node, or via a 
series of category links in a monotonic direction of 
abstractness: 

step 3 
for each candidate node, compute contextual distance to context node set 

step 4 
return a subset of candidate nodes tied for best contextual distance 

FG. 40 
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input spelling input relationship node input context node set input context type 
Chicago bigger than bread box and 

step 7 
Collect Candidate node set: 
Chicago: 1, 
Chicago.2, 
Chicago:3 

step 2 
for each candidate node, traverse to identify which are 
candidate nodes of context node list, via any inherited 
link to a category inheritor of relationship node, or via a 
series of category links in a monotonic direction of 
abstractness: 
Chicago: 1 - municipality - encloses:2-street - 
Chicago.2, main, encloses:3-sidewalk, utility lines, 
house - encloses:4 - room - bedroom, kitchen - 
encloses:5-stove - appliance - bread box - encloses:6 
- bread - whole wheat, Chicago:3 

Chicago:2, main, encloses:3 - sidewalk, utility lines, 
house - encloses:4 - room - bedroom, kitchen - 
encloses:5-stove - appliance - bread box - encloses:6 
- bread - whole wheat, Chicago:3, 

Chicago:3, bread 

step 3 
for each candidate node, compute contextual distance to context node set: 
Chicago: 1 (10 links), municipality (9 links), encloses;2 (8 links), street (7 links), 
Chicago.2 (8 links), main (8 links), encloses:3 (6 links), sidewalk (6 links), 
utility lines (6 links), house (5 links), encloses:4 (4 links), room (3 links), 
bedroom (4 links), kitchen (2 links), encloses:5 (1 link), bread box(O links), 
encloses:6 (1 link), bread (2 links), whole wheat (3 links), Chicago.3 (3 links) 

step 4 
return a subset of candidate nodes tied for best contextual distance: 
Chicago:2(8 links) 

FIG. 41 
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Dialog To Create and Retrieve 
Semantic Network information 

My friend Hal was a programmer. 
His number is (402) 287-0101 
His address is 404 Fesser Street in Detroit. 
He is a good trumpet player. 

( later) 

Who is a good musician friend? 
programmer Hall. 

FIG. 42 

Inversion Method To Create New 
S-A links 

step 1 
SCan Semantic network for 
parse trees inheriting from 
"inversion' node 

step 2 
link parse tree subject node via is-a links 
to inherit copy of predicate inheriting 
inversion type, such as was (or untagged 
for default type 'is') 

step 3 
delete redundant verb, predicate 
subject of parse tree 

FIG. 43 
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Semantic Network 

musical: 1 

trumet: 
was office Worker person adjective nane phone number 

programmer:1 
, good: My:1 Ann: 1 \ Bob 

ty Hal: 
Ann:2 

inheritor 
musician: M 
/ inversion 

question player: 1 

pronoun 

preposition 
address:1 

Michigan 

Lansing 

FIG. 44 
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After applying method of FIG. 22: 
Oun 

tense 
musical: 1 

trumpet:1 
- . office worker eSO 

adjective WaS:1 p nare phone number 

programmer:1 
OOd: 1 a: My:1 9 Ann.1 \ Bob parse 
programmer;2 

friend: 1/ Hal:1 

My:2 Ann:2 format 
inheritor 

musician: 1 W (1 / inversion 
question friend:2 er: 1 verb 

pronoun 

5. is His:1 street address 
2 a.3/nurber 
2-7 preposition 

address: 1 

(999) 999-9999 
9... A... Street 

State 
On 

Ohio Michigan 

a:4 

programmer:3 Lansing 

Detroit 
-1 

FIG. 45 
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After using FIG. 43's Step 2 
tense 

musical: 1 

trumpet:1 
was:1 office Worker person adjective . name phone number 

programmer:1 
OOd: 1 a: 1 My:1 9 Anni \ Bob parse 
programmer: 

friend: Hal: 

My:2 Ann:2 format 

inheritor 
musician: 1 W 
/ inversion 

friend:2 player: 1 Verb 
question (999) 999-9999 

pronoun 

His: street address 

Who: 1 He: 
3/ number:1 

2-7 preposition 
address: 

State 
O 

Ohio Michigan 

a:4 

programmer:3 Lansing 

FIG. 46 
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After using FIG. 43's Step 3 
tense 

Our 

musical: 1 

trumpet:1 
... office Worker eSO 

adjective Was:1 p nare phone number 

programmer: 1 N 
OOd: 

a: My: 1 9 Ann:1 Bob parse 
programmer: 

friend: 1/ Hal:1 

My:2 Ann;2 format 
inheritor 

musician:1 W 
/ inversion 

friend:2 player:1 t question (999) 999-9999 
pronoun 

His: 1 street address 
Who: He:1 

preposition 
address: 1 

Ohio Michigan 

Lansing 

FIG. 47 
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tense 
musical: 1 

trumpet:1 

is:3 

(402) 287-0101 

address:2 

404 Fesser N/, 

After applying method of FIG 22 on two more input lines 
OU 

. Office Worker erSO 
adjective Was:1 p nare phone number 

N programmer: 1 
ood:1 

a: My:1 9 Anni \ Bob parse 
programmer.2 

friend: 1/ Hal: 

My:2 Ann:2 format 
inheritor 

musician:1 W 
/ inversion 

friend:2 player:1 
question (999) 999-9999 

pronoun t" 
His:1 street address 

Who: 1 He:1 
preposition 

address: 1 

State 
On 

Ohio I Michigan 

in:1 

in2 Lansing 

Detroit 

FIG. 48 
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After applying method of FIG. 22 on fourth input line 
OU 

musical: 1 

trumpet:1 
adjective was 1 office Worker person 

N programmer: 1 
s ood: a: 1 My:1 9 Ann: 

rOCrammer.2 prog friend: 

N 
Hal: 

Ann:2 
inheritor 
7 

inversion 
musician:1 

trumpet:3 

Bob 

nare phone number 

format 

riend:2 player: 1 
question (999) 999-9999 

pronoun () V 9... A... Street 
\> s is-a 

(V /\ street address 
Who.1 He Ha:2 is 2/ Was;2 a:3/ nunber 1 

e. 

Zo <N a:2 is: 1 preposition 
Q address: 1 

He:2 IA His:2 State 
O 

is:4 
address:2 Ohio Michigan 

a:5 
number:2 is:4 

good;2 N in:1 
4O4 Fesser Street 

trumpet:2 is:3 
in:2 Lansing 

(402) 287-0101 player:2 
Detroit 

FIG. 49 
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After using FIG. 43's Step 3 again 
OU 

musical: 1 

trumpet:1 
was: 1 office Worker person adjegitive nane phone number 

N programmer: 1 
ood: 1 a: My:1 9 

My 

programmer:2 

s inheritor 
good:3 musician:1 7 

/ inversion 
trumpet:3 

duestion player:1 

pronoun s player:3 

preposition 
address: 1 

address:2 Ohio Michigan 

is:4 

V in:1 
404 Fesser Street 

in2 Lansing 

(402) 287-0101 Detroit 

FIG. 50 
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Answering A Question 

input new phrase tree 

step 1 
if phrase tree 
inherits from 
question 

step 2 
for the set of nodes associated to 
phrase tree, traverse allowable links 
from traversal starting point to find the 
closest node in common which is not a 
node in the phrase tree: 

step 3 
reply to question by describing nodes 
tied for closest node in common 
which is not a node in the phrase tree 

step 5 
parse new input into 
new phrase tree 

step 4 
accept further input 

FIG 51 

input node types: allowable links: traversal starting point: 

question inheritor is-links direct inheriteds of inheriteds 
OU inheritor is-links input node inherited nodes 

adjective any inheritor links input node inherited nodes 
pronoun inheritor is-links input node inherited nodes 
Verb One One 
adverb any inheritor links input node inherited nodes 

FIG. 52 
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Answering A Question 

musical: 1 

trumpet:1 
. 1 office worker person 

Was: 1 name phone number 

programmer: 1 
ood: 

a: 1 My:1 9 Ann-1 \ Bob 
programmer:2 

friend:1 Hal:1 

inheritor 
musician:1 M 

inversion 
trumpet:3 

question 
pronoun 

adjective 

preposition 
address: 1 

address:2 
Ohio Michigan 

is:4 

V in:1 
404 Fesser Street 

"N friend:3 in:2 Lansing 

(402) 287-0101 

FIG. 53 
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step 1 
Scan input phrase 

tree to check for a node 
inheriting from question node: 

Who:2 - yes 
is:5 - no 
a:4 - no 

good:4 - no 
musician:2 - no 
friend;3 - no 

yes 

step 2 
for the set of nodes associated to input tree, traverse allowable links from traversal 
starting point to find the closest node in common which is not a node in the input 
tree: 
1) Who: 1 (since this is a question node, start one above and traverse only is-a 
links) 

Who: 1 - pronoun - His: 1 - His:2 
Who: 1 - person - programmer: 1 - programmer2 - Hall2 
Who: 1 - person - friend: 1 - friend;2 - Hal;2 
Who: 1 - person - noun - (and all nouns farther) 

2) is:5 (since this is a verb node, do not traverse links) 
3) a:4 (since this is a verb node, do not traverse links) 
4) good: 1 -(since this is an adjective node, traverse all links) 

good: 1 - good;3-trumpet:3-player:3 - Hall2 
His;2 - number 2- is:3 - (4O2)287-1010 

good: 1 - good,3-trumpet;3-player:3 - Hall2 
His;2 - address;2 - is: 3 - 404 Fesser Street - in:2 - Detroit 

5) musician: 1 - (since a noun, traverse only is-a links) 
musician: 1 - player: 1 - player3 - Hall2 

6) friend: 1 - friend;2 - Hal;2 
friend: 1 - Ann:2 

step 3 
reply to question by describing nodes tied for closest node in common which is 
not a node in the input tree: Hal:2 can be described as "My friend Hal" or 
"programmer Hal" whichever is closest to conversational context. 

F.G. 54 
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My friend Hal was a programmer. 
His number is (402) 287-0101. 
His address is 404 Fesser Street in Detroit. 
He is a good trumpet player. 

FIG.55 ae) 
Who is a good musician friend? 
programmer Hal. 
Yes. 

Storing An Answer To A Question 
input new phrase tree 

step 1 
if answer to yes step 2 

question followed connect interrogative node to 
by an affirmative inherit from answer node using 

response FIG. 57 to determine link type 
FIG. 56 

step 3 
Check the question phrase tree 
which led to the question. If that 
question phrase tree 
inherits from parse - inheritor 
inversion, apply inversion method 
of FIG. 43 to store answer 

step 4 step 5 
accept further input parse new input into 

new phrase tree 

input node types: connecting link: 
question is-a link 

FIG. 57 noun is-a link adjective informs links 
pronoun is-a link 
verb nOne 
adverb informs links 
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Storing A Confirmed 
Answer To A Question 

step 1 
if answer to 

question followed 
by an affirmative 
response: Yes is 

affirmative 

step 2 
connect interrogative node to inherit 
from answer node using 
FIG. 57 to determine link type: 
connect Who.2 to inherit from Hall2 
Via is-a link 

step 3 
Check the question phrase tree 
which led to the question. If that 
duestion phrase tree 
inherits from parse - inheritor 
inversion, apply inversion method 
of FIG. 43 to store answer: 

Ouestion phrase tree nodes is:5 
and a:4 inherit from parse - 
inheritor 
in version, so apply inversion 
method of FIG. 43 to nake nodes 
good;4 - musician;2 inherited by 
friend2, and delete redundant 
nodes Who:2, is:5, a 4. 

FIG. 58 
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Storing An Answer 
- OU 

tense 
musical: 

Will be 
trumpet:1 

. 1 office worker erSon 
adjective Was: p name phone number 

N programmer: 
ood:1 

a: 1 My:1 9 Ann.1 \ Bob parse 
programmer;2 

friend:1 Hal: 1 

format 

good:3 yo 
inversion 

trumpet:3 
ti question (999) 999-9999 

pronoun "" 
street address 

Who: He; 
preposition 

Who:2 address: 

is:5 State 
O 

a:4 address:2 Ohio Michigan 

good:4 is:4 
V in:1 

404 Fesser Street 

"N is:3 Lansing friend:3 in2 

(402) 287-0101 Detroit 

F.G. 59 
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Inverting An Answer 
OU 

tense 
musical: 

trumpet:1 
was office Worker person adjective \ name phone number 

N Nevils Ood: a:1 My:1 g Bob parse programmer:2 Ann:1 
friend:1 Hal:1 

good:4 musician:1 
(My:2 format 

musician:2 Ann:2 
good:3 o 

Q inversion 
trumpet:3 
tion player: 

questio (999) 999-9999 
pronoun 9. A... Street 

player:3 is 1. 
His:1 street address 

Who:1 He;1 is: 
preposition 

address: 1 

State 
On 

address;2 Ohio I Michigan 

is:4 

N in:1 
404 Fesser Street 

in:2 Lansing 

(402) 287-0101 Detroit 

FIG. 60 
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Minimum Average 
Distance Function 

(for context type 'and') 

Candidate node set 

step 3a 
loop through each candidate node: 

for each candidate node, 
determine its shortest path to each 

Context node, Context node set 

then compute the candidate node's 
average shortest path length to the 

set of Context nodes 

for each candidate node, record its corresponding 
average shortest path length to context 

step 4a 
choose the subset of candidate 
nodes having minimum average 

shortest path length to context node 
Set 

F.G. 61 
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Maximum Average 
Distance Function 

(for context type not) 

Candidate node set 

step 3a 
loop through each candidate node: 

for each Candidate node, 
determine its shortest path to each 

context node, Context node set 

then compute the candidate node's 
average shortest path length to the 

set of context nodes 

for each candidate node, record its corresponding 
average shortest path length to context 

step 4a 
choose the Subset of candidate 
nodes having maximum average 

shortest path length to context node 
Set 

F.G. 62 
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Minimum Distance 
Function 

(for context type or) 

Candidate node set 

step 3a 
loop through each candidate node: 

for each candidate node, 
determine its shortest path to each 

Context node, Context node Set 

then record the candidate node's 
shortest path length any node of the 

Context node Set 
N 

for each candidate node, record its corresponding 
average shortest path length to context 

step 4a 
choose the subset of candidate 
nodes having shortest path 
length to any context node 

FIG. 63 
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Infinite Minimum Distance Function 
(for context type absolutely not) 

candidate node set 

step 3a 
loop through each candidate node: 

for each candidate node, 
determine if there is a path to any 

context node, context node set 

then record the presence of any path 
to COntext 

for that candidate node 

for each candidate node record whether there is a 
path to context 

step 4a 
choose the subset of candidate 
nodes having no record of any 

path to context 

0. F.G. 64 

  

  

  

  

  

    

  

  

  

  

  



US 2007/0094225A1 

METHOD AND SYSTEM FOR USING NATURAL 
LANGUAGE INPUT TO PROVIDE CUSTOMER 

SUPPORT 

0001. This application is a continuation-in-part of U. S. 
patent application Ser. No. 09/085,830 filed May 28, 1998, 
and claims priority to U.S. Provisional Patent 60/342.360 
filed Dec. 27, 2001, each of which are hereby incorporated 
by reference. Topological methods described in Ser. No. 
09/085,830 traverse semantic networks in ways useful for 
computer-implemented natural language processing, includ 
ing methods for constraining search to intersections of 
semantic categories. 

BACKGROUND OF THE INVENTION 

0002 Examples of natural language forms include writ 
ten and spoken words, gestures and face expressions which 
clarify the meaning of words, intonation patterns indicating 
whether a sentence is a question, and other auditory and 
visual contextual aids for conveying meaning. Each of these 
forms may convey multiple meanings which may appear 
ambiguous when forms occur out of context. For instance, 
there are many dictionary meanings of the word dash. Such 
as a race or a small amount of seasoning. Since multiple 
meanings for words are so common, lexicographers refer to 
a single words diversity of meanings as polysemy. To 
disambiguate polysemy, all the of the above natural lan 
guage forms must be correlated in order to infer the context 
which identified specific meaning from a list of polysemous 
potential meanings. 
0003. The prior art detects such inputs on a piecemeal 
basis, but to provide a comprehensive user interface for 
computer systems, all of the above inputs must be corre 
lated, as efficiently as a person can correlate them. However, 
the prior art has failed to correlate even a fraction of such 
inputs as efficiently as people do. As a result, designers of 
natural language processing systems have greatly restricted 
the range of conversation recognized by natural language 
processing, to increase accuracy at the expense of flexibility. 
0004 Thus prior art computer systems correlate small 
ranges of natural language inputs, but the vast majority of 
inputs that a human could easily correlate remain useless to 
Such systems. For instance, a raised eyebrow can indicate a 
question and a Smile may indicate agreement. and a wave of 
a hand might indicate dismissal or indicate of a change in 
Subject. All of these gestures are useful and meaningful for 
people, but the prior art cannot reliably correlate simple 
gestures with other inputs such as spoken or written words. 
0005 The inability of computer systems to correlate a 
wide variety of inputs has hampered the ability of computers 
to participate in conversations with people. In particular, this 
inability to correlate prevents computers from recognizing 
important contextual shades of meaning which are needed 
for parsing natural language. In human conversation, con 
texts shift fluidly and dramatically to constrain the meaning 
of gestures and other symbols which can have varying 
meanings depending on precise context. For instance, the 
word dash can mean at least four different nouns and three 
different verbs: dash as in a small quantity mixed into 
Something (a dash of salt), dash as in a race(a fifty yard 
dash), dash as in car dashboard, dash as in a Morse Code (a 
signal longer that a dot), dash as in to mix together, dash as 
in to ruin something (dash hopes), dash as in to move 
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quickly. For clarity, more meanings for dash may be needed 
and added later to a natural language processing system. For 
instance, dash as in to Splatter, or dash as in a short Sudden 
moVement. 

0006 Prior art uses grammar or statistics to disambiguate 
polysemy. Prior art using a grammar analysis to choose the 
correct meaning of dash based in grammar can only 
determine whether a noun or verb meaning is best. Such a 
system would not disambiguate whether dash means a 
Morse code or a small quantity of something. Prior art using 
statistics of usage can only choose a meaning which was 
chosen most of the time in a context. Thus statistical 
methods disable any other meanings and prevent the acqui 
sition of new meanings for a symbol within any context. 
0007 Human linguistic abilities are clearly less limited, 
in addition to being more accurate than prior art. Besides 
acquiring new meanings for words within a conversational 
context, humans also create new meaningful contexts 
through self-organizing linguistic abilities. For instance, as 
humans converse about Subjects, Subjects acquire new 
semantic meanings which evolve into new conversational 
contexts. In contrast, prior art computer systems only 
acquire new semantic contexts through laborious program 
ming and data-entry efforts. The encumbrance of Such 
programming and data-entry prevents prior art computer 
systems acquiring semantic knowledge on a real-time basis 
during natural language conversations with humans. 
Although a large number of programming languages have 
been created for inputting semantic knowledge, none of 
which have the flexibility and general utility of a natural 
language such as English. Languages Such as Prolog, SQL 
or Lisp cannot match the convenience of conversing in plain 
English or other natural languages. 
0008 General computer-implemented methods to pro 
cess natural language have been based in either logic, 
statistics, or topology. Logic has been the dominant method 
in the prior art. However, logical ambiguities inherent in 
natural language have foiled the prior art attempts which 
rely upon logic as a basis for processing natural language. 
For instance, one of the most important aspects of human 
conversation is called polysemy: the re-use of identical 
symbols to mean different things, depending upon context. 
For instance, the word run could mean a verb meaning to 
step quickly, but it could also mean the verb to campaign for 
office or to mean the noun for a small brook. In any specific 
conversation, run would signify just one of these meanings, 
unless a pun was intended, in which case run might signify 
two such meanings. By sensing natural language contexts to 
determine which polysemous meanings are most within 
context, humans recognize which meanings are signified. 
0009 Context is impractical to define logically because 
logic requires enumeration of logical inputs and outputs. The 
number of contexts which can be defined by a natural 
language input is limited only by every possible shade of 
meaning of every symbol which occurs in every possible 
natural language sentence. Since Such a large number of 
combinations cannot be enumerated, logical natural lan 
guage processors store a Subset to the full set of possible 
contexts as a logical approximation: Each natural language 
symbol is stored with its own set of logical data, and with 
rules for combining its logical data with other symbols. 
0010 For instance, when the context is politics, to run 
would mean to campaign for office. However, many of these 
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rules will break when a combination of contexts is pertinent. 
For instance, if the context is a political appointee who runs 
for elected office and also runs a government agency, the 
meaning of run remains logically ambiguous. 
0011. The larger the semantic system, the more fre 
quently contextually defined semantic rules are broken. For 
Vocabularies larger than ten thousand words the frequency 
of flaws from broken rules easily overwhelms the accuracy 
of a natural language processing system, as demonstrated by 
problems in the CYC project. Even when attempting to 
define a small static semantic dictionary, logical contradic 
tions emerge during testing which cannot be resolved with 
out creating a new logical category for each possible com 
bination of symbols. The combinatorial complexity of 
language makes testing these categories generally imprac 
tical. 

0012 For a semantic dictionary of N symbols, in a 
language where the maximum number of symbols strung 
together is M, the number of logical combinations is N to the 
M power. For a vocabulary of 1,000 words combined in 
short four word sentences, the number of logical combina 
tions is 1,000 raised to the fourth power, which equals 
1,000,000,000,000. If a team lexicographers attempts to 
define and test a semantic dictionary of this Small size there 
would be 100,000,000,000 testing hours required if each test 
takes /10" of an hour. If 500 testers each work 2000 hours 
a year, the team can work 1,000,000 hours per year, and the 
testing will be complete in 100 years. By that time, the 
dictionary will surely be obsolete and require re-testing. For 
longer sentences and larger dictionaries, this drawback 
quickly grows exponentially worse. 

0013 Even worse, as phrases are used within new con 
versations, they immediately acquire new shades of meaning 
from these new conversations. A natural language process 
ing system must track shifts in overall meaning of phrases to 
remain accurate. For instance, the meaning of a celebrity's 
name shifts as that name is used in major news reports, 
particularly if their fame is new. To logically represent Such 
shifts in meaning, the rules describing how to combine a 
celebrity's name in various contexts must be extended to 
handle each new conversational use of the celebrity's name 
explicitly. Using logical methods, all possible combinations 
of phrases and contexts must be defined and tested. 
0014 Because the testing of logical methods is so 
impractical for large Vocabularies, statistical methods have 
instead been dominant in natural language processing sys 
tems, particularly in speech recognition. In the prior art, 
statistical probability functions have been used to map from 
inputs to most likely contexts. Statistics, however, only 
apply to sets of previously occurring events. 
0.015 All statistics require the collection of a set of prior 
events from which to calculate a statistical aggregate. For 
new events no Such set exists and no statistical aggregate can 
be calculated. Unfortunately, natural language is full of new 
events, such as newly concatenated phrases, each having a 
unique contextual shade of meaning. For instance, a person 
might request “fascinating art—not ugly.” A person would 
have no trouble combining the definitions of fascinating, art, 
not and ugly to make Some sense of Such a request, even if 
that person had never before heard the phrase fascinating 
art—not ugly. A statistical natural language processing 
system, on the other hand, would have no statistical event set 
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from which to disambiguate the meaning of a new combi 
nation of words such as fascinating art—not ugly. 
0016. Another problem with statistics is that once an 
event set has been collected to describe the meanings for a 
symbol, statistical functions prefer frequently chosen mean 
ings over rarely chosen meanings, rendering the system 
insensitive to new meanings conveyed by new events. Thus 
as statistical natural language systems acquire semantic 
knowledge, their ability to distinguish new information 
diminishes. 

0017. The above drawbacks can be avoided by topologi 
cal methods for processing natural language. 

SUMMARY OF THE INVENTION 

0018. The present invention is a computer implemented 
data processor System to automatically disambiguate a con 
textual meaning of natural language input streams of sym 
bols, stored as new input stream nodes within a semantic 
network, whose various candidate meanings are stored as 
nodes in the semantic network, and whose natural language 
context is stored as a set of context nodes in the semantic 
network. By precisely measuring semantic distances in 
terms of semantic links when traversing between various 
candidate meanings and the set of context nodes, the present 
invention can automatically choose candidate nodes closest 
to the context node set to represent a contextual meaning of 
the input stream. To store this contextual meaning, the 
present invention can create new semantic inheritance links 
between the input stream nodes and the candidate nodes 
closest to the context nodes. These new links create precise 
records of contextual meaning to be stored for later retrieval 
by Subsequent natural language queries. The present inven 
tion thus enables the semantic network to function as a 
natural language database by storing data as semantic net 
work nodes, with all semantic categories needed for accurate 
natural language database design automatically created and 
linked entirely from natural language input streams. The 
present invention thus automatically provides precise Stor 
age and retrieval of detailed, intersecting levels of informa 
tion, comparable to relational database storage and retrieval 
capability, without the labor cost and inconvenience of 
designing a database, to enable flexible and efficient natural 
language interfaces to computers, household appliances and 
hand-held devices. Additional advantages and novel features 
of the invention will be set forth in part in the description 
that follows, and in part will become more apparent to those 
skilled in the art upon examination of the following or upon 
learning by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 shows a natural language processing system 
deployed on a central computer shared by a variety of 
customer Support staff and remote customers connected by 
Internet connections, in accordance with an embodiment of 
the present invention. 
0020 FIG. 2 shows a natural language processing system 
deployed on computers connected by peer-to-peer Internet 
connections, to provide technical Support to customers, in 
accordance with an embodiment of the present invention. 
0021 FIG. 3 shows a natural language processing system 
deployed on a cellphone connected to the Internet, to pro 
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vide a natural language user interface for dialing, storing and 
retrieving names, phone numbers from personal address 
book information, in accordance with an embodiment of the 
present invention. 
0022 FIG. 4 shows a natural language processing system 
deployed on a microwave oven home appliance, to provide 
a natural language user interface for operating oven controls, 
in accordance with an embodiment of the present invention. 
0023 FIG. 5 shows a natural language processing system 
having inputs, storage, and outputs in the form of images, 
Sounds and texts, in accordance with an embodiment of the 
present invention. 
0024 FIG. 6 shows a database system having inputs of 
SQL commands, a relational database processor, and output 
in the form of images, Sounds and texts, in accordance with 
an embodiment of the present invention. 
0025 FIG. 7 shows the database system of FIG. 2. with 
a natural language processor added for converting natural 
language text input to SQL commands, in accordance with 
an embodiment of the present invention. 
0026 FIG. 8 shows an example of an SQL database 
processing a query corresponding to the natural language 
request “fascinating art not ugly,” in accordance with an 
embodiment of the present invention. 
0027 FIG. 9 shows a simple image processing method 
for identifying emotional content of face expressions by 
analyzing the contours of the mouth, in accordance with an 
embodiment of the present invention. 
0028 FIG. 10 show an overview of sound processing 
methods to identify words from Sounds by analyzing pho 
nemes comprised of transitions from one frequency bands to 
another, in accordance with an embodiment of the present 
invention. 

0029 FIG. 11 shows a semantic network storing the 
logical relations of FIG. 8 as semantic nodes and links, in 
accordance with an embodiment of the present invention. 
0030 FIG. 12 shows a method for combining topological 
categorization with topological contextual filtering, in accor 
dance with an embodiment of the present invention. 
0031 FIG. 13 shows a table mapping from filter types of 
FIG. 12 to filteractions which screen out input nodes of FIG. 
12, in accordance with an embodiment of the present inven 
tion. 

0032 FIG. 14 shows a table mapping from topological 
categorization input category types to their corresponding 
semantic network traversal functions, in accordance with an 
embodiment of the present invention. 
0033 FIG. 15 shows a table mapping from topological 
contextual filtering input context types to their correspond 
ing best contextual distance functions, in accordance with an 
embodiment of the present invention. 
0034 FIG. 16 shows an example of parsing the natural 
language text “fascinating art” using the method of FIG. 12, 
in accordance with an embodiment of the present invention. 
0035 FIG. 17 shows an example of parsing “fascinating 
art not ugly' using the method of FIG. 12 to filter the output 
of FIG. 16, in accordance with an embodiment of the present 
invention. 
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0036 FIG. 18 shows an example of a method applicable 
to step 7 of FIG. 16 to assess a visual response, in accor 
dance with an embodiment of the present invention. 
0037 FIG. 19 shows an example of a method applicable 
to step 7 of FIG. 17 to assess a visual response, in accor 
dance with an embodiment of the present invention. 
0038 FIG. 20 shows an example of a method for disam 
biguating the meaning of "ugly' as defined in the semantic 
network of FIG. 11 from a combination of text and image 
inputs, in accordance with an embodiment of the present 
invention. 

0.039 FIG. 20 shows an the example of a method in FIG. 
20 for disambiguating the meaning of "ugly' as defined in 
the semantic network of FIG. 11, from a different combi 
nation of text and image inputs, in accordance with an 
embodiment of the present invention. 
0040 FIG.22 shows a method for combining topological 
categorization with topological contextual filtering for con 
necting phrases to complementary phrases within a parse 
tree, in accordance with an embodiment of the present 
invention. 

0041 FIG. 23 shows a small semantic network dictionary 
for storing semantics related to conversations about ordering 
food in restaurants, in accordance with an embodiment of 
the present invention. 
0042 FIG. 24 shows a parse tree created from a sentence 
"She would like salad and not steak and potatoes, in accor 
dance with an embodiment of the present invention. 
0.043 FIG. 25 shows the method of FIG. 22 used in 
conjunction with the semantic network dictionary of FIG. 23 
to process the parse tree of FIG. 24, in accordance with an 
embodiment of the present invention. 
0044 FIG. 26 shows the parse tree of FIG. 24 after 
processing by the method of FIG. 22 used in conjunction 
with the semantic network dictionary of FIG. 23, in accor 
dance with an embodiment of the present invention. 
0045 FIG. 27 shows a parse tree created for the sentence 
“She would like salad not steak and blue cheese dressing.” 
in accordance with an embodiment of the present invention. 
0046 FIG. 28 shows the parse tree of FIG. 27 after 
processing by the method of FIG. 22 used in conjunction 
with the semantic network dictionary of FIG. 23, in accor 
dance with an embodiment of the present invention. 
0047 FIG. 29 shows the method of FIG. 22 used in 
conjunction with the semantic network dictionary of FIG. 23 
to process the parse tree of FIG. 27, in accordance with an 
embodiment of the present invention. 
0048 FIG. 30 shows the semantic network dictionary of 
FIG. 23 after augmentation with nodes from the parse tree 
of FIG. 28, in accordance with an embodiment of the present 
invention. 

0049 FIG. 31 shows the method of FIG. 22 used in 
conjunction with the semantic network dictionary of FIG. 30 
to parse “She would like a lot of cheese,” in accordance with 
an embodiment of the present invention. 
0050 FIG. 32 shows the semantic network dictionary of 
FIG. 23 after augmentation with nodes from a parse tree 
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created by parsing “She would like a lot of.” in accordance 
with an embodiment of the present invention. 
0051 FIG. 33 shows the method of FIG. 22 used in 
conjunction with the semantic network dictionary of FIG.32 
to disambiguate the meaning of cheese, in accordance with 
an embodiment of the present invention. 
0.052 FIG.34 shows a small semantic network dictionary 
for storing semantics related to pronouns, in accordance 
with an embodiment of the present invention. 
0053 FIG.35 shows a parse tree created for the sentences 
“Amy should be here. Harold said her food was ready,” in 
accordance with an embodiment of the present invention. 
0054 FIG. 36 shows the method of FIG. 22 used in 
conjunction with the semantic network dictionary of FIG. 34 
to disambiguate the meaning of her in the parse tree of 
FIG. 35, in accordance with an embodiment of the present 
invention. 

0055 FIG.37 shows a parse tree created for the sentences 
“Amy should be here. Harold said his food was ready,” in 
accordance with an embodiment of the present invention. 
0056 FIG. 38 shows the method of FIG. 22 used in 
conjunction with the semantic network dictionary of FIG. 34 
to disambiguate the meaning of his in the parse tree of FIG. 
37, in accordance with an embodiment of the present inven 
tion. 

0057 FIG. 39 shows a small semantic network dictionary 
for storing semantics related to the transitive relation of 
bigger than, in accordance with an embodiment of the 
present invention. 
0.058 FIG. 40 shows a variation of the method of FIG. 
12, amended to categorize nodes by spelling and by a 
complex traversal function, to disambiguate the meaning of 
“Chicago bigger than a bread box?”, in accordance with an 
embodiment of the present invention. 
0059 FIG. 41 shows the method of FIG. 40 used in 
conjunction with the semantic network dictionary of FIG. 39 
to disambiguate the meaning of Chicago in “Chicago 
bigger than a breadbox?”, in accordance with an embodi 
ment of the present invention. 
0060 FIG. 42 shows an example of a dialog between a 
person and natural language processor where the natural 
language processor remembers and retrieves dialog seman 
tic information, in accordance with an embodiment of the 
present invention. 
0061 FIG. 43 shows an example of a method to create 
semantic is-a type dictionary links from parse phrase trees 
containing is and a phrasing, in accordance with an 
embodiment of the present invention. 
0062 FIG. 44 shows a small semantic network for stor 
ing semantics related to personal address book information, 
in accordance with an embodiment of the present invention. 
0063 FIG. 45 shows the semantic network of FIG. 44 
augmented by the first sentence of the dialog in FIG. 42, 
after applying step 1 of FIG. 43, in accordance with an 
embodiment of the present invention. 
0064 FIG. 46 shows the semantic network of FIG. 45 
after applying step 2 of FIG. 43 to create an is-a link between 
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programmer:2 and Hal:2, in accordance with an embodi 
ment of the present invention. 

0065 FIG. 47 shows the semantic network of FIG. 46 
after applying step 2a of FIG. 43 to remove redundant 
semantic information, in accordance with an embodiment of 
the present invention. 

0.066 FIG. 48 shows the semantic network of FIG. 47 
after applying step 4 after step 3 of FIG. 43 to add semantic 
information from the second and third sentences of FIG. 42, 
in accordance with an embodiment of the present invention. 

0067 FIG. 49 shows the semantic network of FIG. 48 
after applying step 2 of FIG. 43 to copy the new phrase tree's 
“good trumpet player portion to be inherited by an is-a link 
by Hal:2, in accordance with an embodiment of the present 
invention. 

0068 FIG. 50 shows the semantic network of FIG. 49 
after applying step 2a of FIG. 43 to remove redundant 
semantic information, in accordance with an embodiment of 
the present invention. 

0069 FIG. 51 shows an example of a method to detect 
and answer a question encountered in a dialog input phrase 
tree, in accordance with an embodiment of the present 
invention. 

0070 FIG. 52 shows an example of a table mapping from 
an input phrase trees input node types to allowable links and 
traversal starting points of step 2 in FIG. 51, in accordance 
with an embodiment of the present invention. 

0071 FIG. 53 shows the semantic network of FIG. 50 
after adding the input phrase tree from the question “Who is 
a good musician friend.” in accordance with an embodiment 
of the present invention. 

0072 FIG. 54 shows the method of FIG. 50 applied to 
answer the input phrase tree question in FIG. 53, in accor 
dance with an embodiment of the present invention. 
0073 FIG.55 shows an example of a dialog in which an 
answer to question has been answered affirmatively, indi 
cating that the answer would be useful to store in a semantic 
network, in accordance with an embodiment of the present 
invention. 

0074 FIG. 56 shows an example of a method to stored 
the confirmed answer to a question, using the inversion 
method of FIG. 43, in accordance with an embodiment of the 
present invention. 

0075 FIG. 57 shows an example of a table of input 
phrase tree's input node types and corresponding connecting 
links used to connect interrogative nodes in step 2 of FIG. 
56, in accordance with an embodiment of the present inven 
tion. 

0.076 FIG. 58 shows the method of FIG.56 applied to the 
semantic network of FIG. 53 to store the confirmed answer 
to the question “Who is a good musician friend.” in accor 
dance with an embodiment of the present invention. 

0.077 FIG. 59 shows the semantic network of FIG. 53 
after step 2 of FIG. 56 has added a new is-a link between 
Who:2 and Hal:2, in accordance with an embodiment of the 
present invention. 
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0078 FIG. 60 shows the semantic network of FIG. 59 
after step 3 of FIG. 56 has applied the inversion method of 
FIG. 43 to invert the input phrase tree for “good musician 
friend, in accordance with an embodiment of the present 
invention. 

0079 FIG. 61 shows a method for identifying nodes in a 
candidate node set having a minimum average distance 
between a candidate node and a context node set within a 
semantic network, in accordance with an embodiment of the 
present invention. 
0080 FIG. 62 shows a method for identifying nodes in a 
candidate node set having a maximum average distance 
between a candidate node and a context node set within a 
semantic network, in accordance with an embodiment of the 
present invention. 
0081 FIG. 63 shows a method for identifying nodes in a 
candidate node set having a minimum distance between a 
candidate node and a context node set within a semantic 
network, in accordance with an embodiment of the present 
invention. 

0082 FIG. 64 shows a method for identifying nodes in a 
candidate node set having an infinite minimum distance 
between a candidate node and a context node set within a 
semantic network, in accordance with an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0083. In accordance with the present invention, topologi 
cal methods disambiguate polysemy by measuring the rela 
tive distance between symbols in a semantic network. In a 
well constructed semantic network, the distance between 
symbols is proportional to the closeness in meaning between 
symbols. Consequently the contextual meaning of a symbol 
can be found by locating the closest symbol to a set of 
symbols defining the context. Both new symbols and new 
meanings can be recorded simply by adding new symbol 
nodes to existing topologies. Shifts in meaning can be 
recorded simply by shifts in topologies. 
0084. However, among others, two problems with topo 
logical methods, which have prevented them from Succeed 
ing in prior art, are overcome with the present invention. The 
first problem is that the topological distance between a pair 
of symbol nodes in a semantic network may not reflect 
closeness in semantic meaning between the pair of symbol 
nodes. This problem can be avoided by adjusting automati 
cally adjusting distance between each pair of nodes to 
accurately reflect semantic meaning by regrouping, adding, 
and removing nodes. Relevant methods for automatically 
regrouping, adding and removing nodes are described in 
patent application 09/085,830 “topological methods to orga 
nize semantic network data flows for conversation applica 
tions.” 

0085. The second problem with topological methods 
occurs when representing and disambiguating the meaning 
of negation. When seeking a candidate symbol in terms of 
being NOT some symbol A, some semantic path will 
generally connect the A and candidate symbols. However, 
closeness of the A to candidate symbols cannot represent 
closeness to desired meaning. Rather, it represents closeness 
to opposite meaning. Therefore, when seeking a candidate 
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symbol which is NOT A, some other metric besides 
closeness must be applied to find appropriate candidate 
symbols. 

0086 For instance, a person might request fascinating 
art from an information retrieval system. Using topological 
methods such as the method of most specific common 
abstraction (Kolodner, pages 346-347), a retrieval system 
could find nodes closest to fascinating art by measuring 
semantic path distances from every candidate node to both 
fascinating and art. The retrieval system would return 
candidate nodes having minimal distance to both fascinat 
ing and art. 
0087 For requests containing negation, such a minimal 
distance function would not suffice. Similarly, requests 
containing other logical operators like or as well as prepo 
sitions like from, to, and after demand other logical 
Syntactic meanings beyond the capability of a simple mini 
mal distance function to model. 

0088 For instance, simple distance functions have diffi 
culty interpreting a request Such as fascinating art that is not 
ugly because of the complexity of possible negative con 
nections between art and ugly: malicious art, art that is 
harsh, art that is crude, art made from toxic Substances. Any 
of these negative concepts connecting art to ugly might 
be considered when retrieving meaning corresponding to 
fascinating art that is not ugly. Yet depending upon con 
text, some of these negative concepts might be important 
and some might be irrelevant. 
0089 For instance, if the overall context of a request 
concerned environmental pollution, then art made from 
toxic Substances would be a more important meaning of 
ugly to avoid and others meanings might not matter. 
Because of the logical meaning imbedded in the word not, 
prior art logical methods have typically defined negative 
concepts for a particular context. For instance, prior art has 
typically contrived rules such that when the overall context 
of a request includes pollution then ugly signifies toxic 
Substances. 

0090. In prior art, logical methods employ sets of rules to 
identify sets of candidate nodes preferred for a given logical 
context, and other sets of rules to rank the set of candidate 
nodes for the given logical context. Prior art logical methods 
have been preferred for their processing speed and economy 
with storage space. However Such advantages have lost 
relevance as computer processors has become faster and 
computer memory becomes cheaper. As outlined above, 
logic have cannot handle the combinatorial complexity of 
natural language when there are more than a thousand 
symbol nodes. In addition, logic cannot resolve contradic 
tions in meaning which arise naturally in general-purpose 
natural language Systems. 
0091 For example, a person might request fascinating 
art that is not ugly from an information retrieval system. 
The system might find, categorized under art, a set of 
candidate nodes. For instance, there might be two Such 
nodes. The first semantic node stained glass statues of 
people, might inherit from art, beautiful and stained 
glass. The second semantic node dancers made of chil 
dren’s blocks might inherited from art and strange. To 
determine which of the two nodes is most fascinating and 
least ugly, a logical semantic processor would apply rules. A 
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first such rule might be that inheritors of beautiful are not 
ugly. A second Such rule might be that toxic Substances are 
ugly. Since stained glass might inherit from lead which in 
turn might inherit from toxic substance, the first rule might 
conflict with the second rule. To resolve such conflicts, 
semantic rules must be ranked to determine which rule about 
ugly is more significant. 

0092. In the present invention, the relative distances 
between nodes are used in place of logic to resolve logical 
contradictions. By using sets nodes to define context, con 
texts can be defined with various degrees of focus. General 
contexts can be defined by a few high-level nodes, and 
specific, narrowly focused contexts can be defined by a large 
number of low level nodes. By minimizing distances to a 
large number of low level nodes in a narrowly focused 
context, logical contradictions can be resolved by topology 
recorded in the local neighborhood of that narrow context. 
0093. By contrast, in prior art, fuzzy logic algorithms 
were developed to locally resolve logical contradictions by 
using statistical functions. Since some things can be both 
beautiful and ugly, there is a probability that beautiful 
implies not ugly, and this is compared to the probability of 
the toxic quality of lead implies ugly. Although statistical 
functions can resolve logical contradictions between fre 
quently competing candidate nodes, they cannot resolve 
logical contractions for new descriptions or old descriptions 
relative to new semantic nodes, because, as mentioned 
above, all statistics require a prior set of trial events upon to 
base a statistical distribution. If fascinating art that is not 
ugly was a new request, there would be no events upon 
which to base a statistical distribution and statistical meth 
ods would be of no use. Even after recording an event set 
showing a preference for one instance of art over another, 
there would be no statistical method to relate that event set 
to a new node was added to the semantic net under the 
category of art, for instance a node representing charming 
figurines of edible pasta. 

0094. In large-scale database applications, pure logic is 
still used to retrieve semantic information, even though logic 
cannot resolve the inconsistencies which naturally occur in 
large semantic systems. The simplicity of implementing 
logical operators such as AND, OR and NOT has supported 
their popularity when disambiguating simple data, particu 
larly when Such logical operations are nested in parenthesis 
to build a tree-structure of logical relationships. For 
instance, a natural language request fascinating art can be 
recast as a logical request art AND fascinating. This 
request might return candidate rows of data which could 
then be manually winnowed down by new request art AND 
fascinating AND (NOT ugly) which would return a more 
focused set of candidate rows. 

0.095 By compounding logical restrictions using rela 
tional table joining operators, relational databases enable 
large amounts of data to be searched quickly and efficiently. 
Although translating requests into the form of logical opera 
tors is laborious, and translating data into the form of 
logically correct statements is even more laborious, if an 
application contains a limited variety of data, the translation 
can be completed within a reasonable budget. However, as 
databases grow to become data warehouses, they require 
considerable manual intervention to maintain their logical 
consistency as new data is added. The budget for Such 

Apr. 26, 2007 

maintenance can often become unaffordable. For large data 
bases such as Internet web search engine portals. Such 
maintenance costs run into millions of dollars. 

0096. For convenience and efficiency, it would be better 
to automatically store and retrieve information using natural 
language, bypassing the labor needed to translate requests 
into logical operators, bypassing the labor needed to trans 
late data into logically correct statements and bypassing the 
cost of manually maintaining logical consistency. At the 
same time, because large natural languages contain para 
doxical logical contradictions which must be resolved by 
choosing specific contextual shades of meaning, people need 
a system for storing criteria by which contextual shades of 
meaning can be disambiguated. 

0097. For instance, the adjective attractive' is commonly 
attributed to the noun phrase movie star. However, some 
movie stars base their appeal upon a kind of fascination with 
unattractiveness, by playing villainous or anti-heroic roles. 
In Such contexts, the meaning of attractive might have to be 
confined to a star’s “ability to attract box-office sales”. To 
remain accurate in Such contexts, a natural language pro 
cessor must efficiently store criteria for differentiating 
between the shades of meaning which might be attributed to 
the word attractive, even if these shades of meaning cannot 
be immediately mapped to a logical context. 

0098 Natural language processing systems must also 
disambiguate the meaning of requests containing logical 
prepositions. In such cases, logic must be combined with 
contextual semantic meanings to determine which noun 
phrase to link to a prepositional phrase. Thus the disam 
biguation of meaning of natural language logical preposi 
tions requires a precise method for combining contextual 
shades of meaning which themselves may not be logically 
defined. When servicing natural language requests for spe 
cific information from large databases, it is especially impor 
tant to accurately respond to the meaning of Such preposi 
tions. For instance, and and or as well as from, to, and 
after are important prepositions used to Zero in on specific 
information. However, the meaning of prepositions vary in 
Subtle ways within natural language discourse. 
0099. The prior art uses rules and statistics can such 
prepositions, but only after drastically limiting the scope of 
input. To handle the full complete meaning of natural 
language, computer-implemented natural language proces 
sors require better methods to disambiguate prepositional 
contextual shades of meaning. 

0.100 Because of the above difficulties in dealing with 
prepositional contextual shades of meaning, there are a 
number of commercial uses for such improved methods of 
detecting prepositional contextual shades of meaning. For 
example, database languages which store and retrieve infor 
mation could be bypassed in favor of direct natural language 
user interfaces for storing and retrieving information. 
0101 For instance, Structured Query Language (SQL) 
was developed to manipulate sets of data using compounded 
formal logic. The success of SQL attests to the ability of 
logic to retrieve massive data sets. However, SQL has 
drawbacks when handling complex data relations. Since 
SQL databases require that each data relation be explicitly 
queried by a logical expression selecting logically validated 
data, both the queries and the validated data require con 
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siderable expertise to create. Typically, a data base specifi 
cation and a process for acquiring and validating data must 
be created before actual use of a database. Because of the 
semantic limitations of SQL, both specification and data 
acquisition are typically specified by a natural language, 
Such as English. In addition, during the maintenance phase 
of a database, bug fixes and corrections for bad data are also 
typically specified in a natural language. 
0102 Since natural language typically specifies database 
implementation efforts throughout the life of a database, 
database implementation would be cheaper, faster and more 
accurate if databases used natural language constructs to 
store and retrieve information directly, rather than translat 
ing natural language specifications into logical data rela 
tions. To store and retrieve information natively in English 
via natural language processing methods would eliminate 
expenses of translating English to a database language Such 
as SQL. However, the prior natural language processing 
methods have lacked the precision of SQL when retrieving 
requests containing prepositional meaning. SQL can easily 
handle logical preposition requests by selecting rows from 
specific tables using constraints on specific values of col 
umns of those rows. The prior natural language processing 
methods do not have a similarly Succinct method for 
responding to the precise prepositional meaning of a request. 
0103 Although natural languages such as English are 
perfectly capable of conveying prepositional meaning to the 
average person, the prior natural language processing meth 
ods have not been able to accurately process requests 
containing logical prepositions. 

0104 Methods for improved detection of contextual and 
prepositional meaning in natural language processing Sys 
tems would enable a broad range of applications where a 
user interface on a direct human conversation level would be 
preferred to a menu-based or graphical user interface. 
0105 For instance, help desk services handle a large 
Volume of customer requests. Such requests must often by 
handled by a human dispatcher for a significant cost on 
labor, or an automated menu-driven Voice-response system 
which is inexpensive but difficult for customers to interact 
with a user interface on a direct human conversation level 
would be preferred to voice-response systems which force 
customers to navigate a menu tree. 
0106 Simple appliances such as washing machines and 
microwave ovens could also benefit from imbedded natural 
language processors to accept direct conversational com 
mands. More complex appliances such as cellphones could 
have imbedded natural language systems to complement or 
even Supplant menu-driven screen displays. 
0107 However, none of these desirable natural language 
processing applications can Succeed without flexible and 
precise methods for detecting contextual variations in prepo 
sitional meaning. 
0108 Topological methods for semantic networks mea 
Sure distances between nodes by counting the number of 
links along paths between nodes. In order for these distances 
to be meaningful, the number of links along paths between 
nodes must correspond to actual closeness of semantic 
meanings. U.S. patent application Ser. No. 09/085830 by Au 
describes methods for enforcing Such correspondence. 
Enforcing such correspondence ensures that topological 
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distances are a reliable indicator of closeness of meaning 
between any two semantic network nodes. 
0109) A semantic network representing closeness in 
meaning as distances records the closeness in meaning for 
any two nodes in the semantic network. At the same time, 
each path through the semantic network records a picture of 
why two nodes are a particular distance. For instance, in a 
small hierarchy of nodes in which retriever, beagle and 
puppy inherit from dog, the path from retriever to retriever 
to beagle has to two links. If dog in turn inherits directly 
from mammal, then retriever, beagle and puppy are each two 
links away from mammal. The inheritance links attached to 
dog are thus in turn inherited by retriever, beagle and puppy, 
thus automatically recording any closeness in meaning 
added to dog on behalf of retriever, beagle and puppy. This 
transitivity of closeness in distance models the human ability 
to quickly associate new information with existing symbolic 
relationships. For instance, if a new link were to make dog 
inherit directly from pet, then retriever, beagle and puppy 
would also inherit from pet, each at a distance of only two 
links. This redundancy of links in a semantic network 
provides accuracy when disambiguating meaning. 

0110 For instance, the word retriever could be linked to 
inherit from another meaning for retriever which has a more 
abstract meaning, that of something which fetches an object. 
A sentence of 'Adatabase as a better retriever of information 
than a card catalog.” refers to the more abstract meaning of 
retriever. On the other hand, the sentence “My golden 
retriever is a puppy,” would refer to the more concrete 
meaning of retriever which inherits from dog. By using a 
semantic network to measure the average distance to other 
words in a sentence, the shorter distance between meanings 
can be used to disambiguate meaning. For instance, for the 
second sentence, the distance between puppy and the con 
crete meaning of retriever is only two links, whereas the 
abstract meaning of retriever is three links away. For the 
second sentence, the more concrete meaning of retriever 
would thus be chosen. Since a sentence is made of multiple 
words, each word in a sentence relates to a set of paths 
through a semantic network. By choosing the shortest paths 
from that set, the multiple words in a sentence can be used 
as a redundant pointers to the most appropriate meaning of 
each word in the sentence. This semantic redundancy mod 
els the human ability to ignore noise and grammatical errors 
in natural language discourse. 

0.111 Since the number of links along paths between 
nodes is a positive number, distances between nodes are also 
positive numbers; there are no negative distances. Some 
prior art semantic networks contain negation links to repre 
sent negative connections between ideas. By combining 
negation links with non-negation links, some prior art logi 
cal rules estimate the degree to which nodes are negations of 
each other, but such rules are not reliable for general 
purpose semantic networks where degrees of negation varies 
by context. There are additional problems with prior art: 
many paths will contain two or more negation links. The 
meaning of paths containing two or more negation links 
varies from context to context, and as noted above, natural 
language contains too many contexts to model logically. 

0112 To accurately store and retrieve negation concepts, 
the present invention stores and retrieves the meaning of 
negation as the relative absence of a close connection. The 
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absence of a close connection is computed relative to a 
contextual set of nodes. Thus the problem of how to con 
sistently represent negation is solved by measuring relative 
distances within a context. As described by U.S. patent 
application Ser. No. 09/085830 by Au, traversal functions 
for traversing between nodes can be used to constrain search 
to a requested category. Such topological methods can 
identify a node closest to a particular context, even if that 
context is a combination of many individual nodes. For 
contexts composed of multiple nodes, the average or mini 
mum distance to the set of nodes can be used to measure 
closeness. 

0113. The present invention combines topological meth 
ods for categorization with topological methods for contex 
tual filtering, to disambiguate the meaning of negated sym 
bols, as well as symbols relative to other prepositions such 
as and and 'or. By constraining contextual searches to 
specific categories, precise logical relationships implied by 
semantic networks can be accurately detected. Thus the 
precise logical functionality of database languages Such as 
SQL can be provided by the present invention while elimi 
nating the cost of maintaining data-relationships and queries 
by hand. 
0114 With an accurate basis for storing and retrieving 
semantic network information according to logical preposi 
tions, semantic networks can be used in place of relational 
databases, to bypass the tedious and error-prone process of 
translating natural language data into data relations. In 
addition, fine shades of contextual meaning can be auto 
matically stored for each phrase-context pair without explic 
itly defining a relational join for each phrase-context pair. 
0115) Another advantage of using a natively natural lan 
guage database comes from the elegance with which new 
meanings can be stored directly as parse trees of conversa 
tional input. Even while parsing a conversational flow of 
natural language, new shades of semantic meaning can be 
stored. Phrases encountered in the beginning of a paragraph 
can be stored as new shades of meaning which help disam 
biguate the meaning of phrases encountered later in a 
conversation. The present invention also contains methods 
to transform meanings encoded as parse trees into standard 
semantic inheritance trees, thus automatically updating 
shades of meaning during conversational input with a user. 
0116. This ability to update shades of meaning helps 
greatly when processing explanatory dialog, defined as texts 
in which terms are introduced early in the dialog and later 
used as building blocks of meaning later in the dialog. 
0117 The present invention improves computer-imple 
mented natural languages processors, so that they can be 
used as user interfaces to a variety of commercial applica 
tions. FIG. 1 shows a fully networked support system for 
customer Support, in which various Supporting activities are 
coordinated by a natural language processor in a shared 
central computer, in accordance with one embodiment of the 
present invention. 
0118. At the top of FIG. 1 is a customer, shown on the 

left, interfacing through a camcorder (or web-cam) to a 
networked personal computer. In this manner, a customer's 
image and Verbal requests can be relayed across the Internet 
to a private network, shown at the middle of FIG. 1. Other 
customers may input verbal request over devices such as the 
cellphone and telephone shown in FIG. 1. 
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0119 When requests reach the private network, they 
could be monitored and handled by support staff, also 
equipped with camcorder (or web-cam) to assist customers 
over a kind of a video-phone connection. Alternatively, 
requests might be dispatched to the appropriate Support staff 
by a natural language processor, as shown in FIG. 1. 
Supporting functions which may be orchestrated by a natural 
language processor as shown in FIG. 1 include Scanning of 
archives, stored in micro film and requesting attention from 
operators of archives (all shown in the lower left of FIG. 1). 
Archives may include email messages which can be scanned 
in terms of their natural language meaning, to correlate 
previous current requests with previous requests and 
responses. For instance, requests for explanation of bills 
may be correlated to billing records and emails described 
returned merchandise. Alternatively, requests for news clip 
pings could be correlated with previous requests for specific 
kinds of news of interest and requests to ignore other kinds 
of news. Other applications include matching of open job 
descriptions to resumes and matching of email messages to 
topics requested by email list Subscribers, and indexing of 
email archives by topic. A natural language processor to 
orchestrate ail of these functions could greatly increase the 
efficiency of customer service for the above businesses. 
0120 FIG. 2 shows a natural language processing system 
deployed on computers connected by peer-to-peer Internet 
connections, to provide technical Support to customers, in 
accordance with one embodiment of the present invention. 
To bypass automated-Support user interfaces Such as graphi 
cal user interfaces and menu-driven interfaces, a conversa 
tional natural language interface can be supported by a 
natural language processor in each computer, to exchange 
semantic information across the Internet as shown. To 
provide audio and visual linguistic input to the natural 
language processor in the upper computer, a camcorder (or 
web-cam) is shown. To provide similar audio and linguistic 
input back to the user shown in the upper half of FIG. 2, a 
camcorder (or web-cam) is used to store pre-recorded 
images and Sounds for playback as orchestrated by the 
natural language processor in the lower computer. Alterna 
tively, the images and sounds sent back to the user can be 
synthesized by either the lower or upper computer as 
needed. Peer-to-peer natural language computer systems 
with these configurations could be useful ways to interac 
tively share and disseminate information that otherwise 
would have to be interactively disseminated in more labor 
intensive lectures, workshops and video-conference ses 
S1O.S. 

0121 FIG. 3 shows a natural language processing system 
deployed on a cellphone connected to the Internet, to pro 
vide a natural language user interface for dialing, storing and 
retrieving names, phone numbers from personal address 
book information, in accordance with one embodiment of 
the present invention. Such a systems would be capable of 
searching, downloading and uploading information on the 
Internet, as well as monitoring the progress of requests to 
buy, sell, or inquire about merchandise or services on the 
Internet. Using a natural language interface bypasses the 
difficulty in learning menu-driven and graphical user inter 
faces for such activities. 

0.122 FIG. 4 shows a natural language processing system 
deployed on a microwave oven home appliance, to provide 
a natural language user interface for operating oven controls. 
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Using a natural language interface bypasses the difficulty in 
learning menu-driven and graphical user interfaces for oper 
ating Such appliances, as well as provides a convenient way 
to report status of operations back to the user. By learning 
new vocabulary from the user, through conversation, an 
appliance with Such a natural language interface can adapt to 
a style of conversation convenient for individual users. 
0123 The present invention uses natural language rea 
soning, parsing and pattern matching to process natural 
language in a natural language format. Components of 
natural language Such as images, Sound and text are inputs 
which can be correlated to semantic meanings by the present 
invention. FIG. 4 shows these inputs in the upper part of the 
figure, in accordance with one embodiment of the present 
invention. Using a semantic network to store parsed versions 
of the inputs, the present invention can then retrieve the 
stored versions of the inputs using uses natural language 
reasoning, parsing and pattern matching. FIG. 4 shows these 
storage and retrieval operations as the pair of arrows in the 
middle of the figure. The confirmation and results of these 
operations are produced as output Such as images, Sound and 
text. FIG. 4 shows these inputs in the lower part of the figure. 
0.124. In contrast, the prior art database systems rely upon 
logic, query parsing and relational indexing to process 
inputs and produce outputs. When operating on data from a 
broad range of contexts, logic must be supported by numer 
ous structures. These structures include structured queries, 
typically using Structured Query Language (SQL) and data 
base maintenance commands, such as create table, update 
table and create index. FIG. 5 shows these structures as 
inputs in the upper part of the figure, in accordance with one 
embodiment of the present invention. Once these structured 
inputs have been received by a database processor, they are 
parsed into a query plan structure used to operate upon table 
structures categorizing data into rows and columns of sym 
bols. In order for structured queries to succeed, the symbols 
in these rows and columns must be logically ordered. The 
standard for this logical ordering is commonly called data 
base normalization, and it requires that relationships 
between data be logically consistent. FIG. 5 shows data 
relationships as curved lines labeled as relationship-a. 
relationship-b, relationship-c'. Unfortunately, logical 
inconsistencies are so common that most database systems 
sacrifice the quality of logical ordering to achieve a reduc 
tion in database cost. The magnitude of this sacrifice is 
generally larger for larger databases, because the relation 
ships between rows of data create a combinatorial explosion 
of logical inconsistencies between data rows. 
0125 The present invention bypasses the need for logical 
consistency by representing data in a semantic network 
where meaning is recorded redundantly by multiple paths 
over semantic links connecting semantic network nodes. 
0126 The input structures shown in the upper portion of 
FIG. 5 are also difficult to use. They require users to know 
formal logic and programming languages. To make the data 
in database more accessible to the general public, natural 
language processors have been added as pre-processors to 
database inputs. FIG. 6 shows the database system of FIG. 
5, but showing in the upper left hand corner of FIG. 6 a 
natural language processor similar to FIG. 4. This architec 
ture allows the general public to access data, but not to 
maintain the database. When tables or relationships must be 
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added to the database, such modifications must be done by 
people skilled in formal logic and programming languages. 

0127. An example of the complex and esoteric structure 
required by the prior art to process simple natural language 
requests is shown in FIG. 7. A prior art system as shown in 
FIG. 7 might get a request for “fascinating art not ugly'. 
Using prior art natural language processing techniques, this 
simple phrase would translate into the SQL query shown in 
the upper part of FIG. 8. 

0128. The query comprises three clauses: a select 
clause, a from clause, and a where clause. The beginning 
of each clause is shown in bold. The processing order of 
SQL clauses is from clause, then where clause, then 
select clause. The from clause requests data from two 
tables, art and artAdjective. 

0129. The first line of the where clause joins rows from 
the art table to rows in the artAdjective table, finding 
matching pairs of rows where the artAdjectiveNum column 
matches the num column. For instance, the first two rows of 
artAdjective have a num of 10 which matches the first row 
of art which also an artAdjectiveNum of 10. Similarly, the 
third through sixth rows of artAdjective match the second 
row of art, and the seventh through eleventh rows of 
artAdjective match the third row of art. Each of these joined 
rows is filtered by the second logical requirement in the 
where clause, specifying that adjective=fascinating. This 
filters all but the two of the joined rows, shown in bold in 
FIG. 8: “20 fascinating (joining) 2-20 delicately charm 
ing figures of pasta” and "30 fascinating (joining) 3-30 
stained glass statues of people'. The third line of the where 
clause filters out rows where artAdjectiveNum is among a 
proscribed the set of artAdjectiveNum values related to the 
adjective ugly. Since the artAdjectiveNum of 30 shown in 
italics in FIG. 8 is therefore proscribed, that artAdjectiv 
eNum's corresponding joined row "30 fascinating (join 
ing) 3-30 stained glass statues of people' is filtered out, 
leaving only the joined row: "20 fascinating (joining) 
2-20 delicately charming figures of pasta'. 

0.130. The select clause selects values from two col 
umns from the art table, num' and artDescription. These 
are displayed for the joined row returned by the query, 
shown in the bottom of FIG. 8. 

0131 Many problems arise from logical representations 
of semantic relationships as shown in the prior art of FIG.8. 
Since the strength of a relation between an adjective and a 
noun varies by context, a separate table is required for each 
context. For instance, the meaning of ugly might be less 
significant if the context were industrial art instead of art. 
Since there are as many different contexts as there are 
combinations of nouns, adjectives and verbs, there is no 
practical way to represent all the different contexts as logical 
table structures. Other problems with logical representation 
arise from Subjectivity. One person’s opinion relating ugly 
to a noun will vary from another person’s opinion. Logic 
does not easily model differences in Subjective opinion, 
because the subjectivity is based mostly on implied rela 
tionships for which no explicit logical relationship has been 
defined. 

0.132. These problems in logical representations can be 
bypassed by representing semantic relationships directly in 
a semantic network dictionary. FIG. 11 shows a small 
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semantic network dictionary, in accordance with one 
embodiment of the present invention, for representing the 
nouns and adjectives of FIG. 8. By replacing table relations 
with direct links between nodes, the semantic network of 
FIG. 11 Succinctly maps adjectives like fascinating and 
ugly to noun phrases like “stained glass statues of people.” 
Since semantic links can be used to store various relation 
ships such as is-a, part-of and because-of, most seman 
tic networks label the link lines with similar labels. How 
ever, for simplicity, FIG. 11 shows each is-a links with a 
thin dark line, and each link of any other type with a fat gray 
line. Generally is-a links are strict categorization links. For 
instance, art is a noun, and desirable is an adjective. The 
gray links are less strict in meaning. For instance, lead is 
linked to stained glass. Strictly speaking, lead is-a-compo 
nent-of stained glass, along with tint and glass. FIG. 11 does 
not label each direct link above stained glass with is-a- 
component-of because of the clutter that would cause. 
Instead, simple gray lines are used to show that Some aspect 
of lead, tint, and glass informs the nature of stained glass. 
Similarly, as semantic network can be implemented with just 
two link types, one for storing is-a links, and the other for 
storing informs links. 
0133) To correlate visual and audio input with written 
input, natural language processor systems often rely upon 
input processors to map raw input data to specific semantic 
nodes. FIG. 9 shows a high level overview of a prior art 
image processor for mapping face expressions to semantic 
nodes signifying a person's emotions, in accordance with 
one embodiment of the present invention. The mapping 
takes place in four steps. The first step abstracts information 
from the pixels of an image by tracing simple contours 
around the mouth. The second step abstracts information 
from contour shapes by measuring the direction and mag 
nitude of their curvature. The last step abstracts information 
from contour directions and magnitudes by mapping from 
classes of contour directions and magnitudes to specific 
semantic nodes of “happy face”, “sad face”, “quizzical face” 
and "angry face'. 
0134 FIG. 10 shows an example of a the prior art sound 
processor design for mapping Sounds to words, in accor 
dance with one embodiment of the present invention. In step 
1, Sounds are input as air pressure amplitude fluctuations 
over time. In step 2, bands of vibration frequencies are 
identified from fluctuations in amplitude by a fast Fourier 
transformation. Each band is identified as a range of fre 
quencies defined in cycles per second also known as Hertz 
(HZ). The persistence of each detected band of frequencies 
is mapped over time by the fast Fourier transformation. In 
step 3, the identification of phonemes is abstracted from 
specific combinations of frequency bands. For instance, sh 
is a broadband of frequencies, whereas the consonants o' 
and a are narrower bands. In step 4, the identification of 
word nodes is abstracted from sequences of phonemes. 
0135) The semantic network of FIG. 11 stores both the 
semantic image nodes from FIG. 9 and semantic word nodes 
FIG. 10. The semantic network of FIG. 11 also stores 
implied logical relationships. These relationships are 
implied by the semantic links. For instance, fascinating is 
linked via an inheritor link to "stained glass statues of 
people'. This stores the same meaning as the row of 
artAdjective table “30 fascinating joined by relation-b to 
the row of art table “3-30 stained glass statues of people' 
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in FIG. 8. To retrieve nodes corresponding to logical rela 
tionships from the semantic network of FIG. 11, the method 
of FIG. 12 combines topological categorization with topo 
logical contextual filtering. 

0.136 The method of FIG. 12 starts by automatically 
mapping inputs to specific semantic nodes in a semantic 
network, in accordance with one embodiment of the present 
invention. FIG. 12 step 1 automatically identifies any exist 
ing semantic nodes which can be which can be mapped to 
input data, as well as creating new semantic nodes for input 
which cannot be mapped to existing semantic nodes. After 
step 1, the semantic nodes identified by Step 1 are presented 
to filters which determine what role each identified node can 
play in steps 2 and 3 of the method. Filters which supply 
nodes for these roles are shown as traversal type filter, 
category node filter, context type filter, and context node 
filter. FIG. 13 is a table showing acceptable nodes for each 
filter type, at various stages of a natural language conver 
sation, in accordance with one embodiment of the present 
invention. For the start of a conversation, FIG. 13 has rows 
where stage is marked start. For mid-conversation input, 
when dialog has already led to some agreement, FIG. 13 has 
rows where stage is marked middle. This allows filtering to 
shift to take advantage of information which emerges about 
a conversation, as a conversation develops. Alternatively, 
the transition from start to middle of the conversation can be 
automatically detected when the context node set grows to 
an optimal size, typically about seven nodes. In other 
implementations of the present invention, at user request, the 
context node set can be diminished or entirely flushed, to 
transit the conversational state from middle back to start. 

0.137 FIG. 13 defines the filters themselves in terms of 
the semantic network of FIG. 11. For instance, traversal 
type filter accepts only nodes which are traversal types. The 
semantic network of FIG. 11 shows three nodes which 
inherit from traversal type: category hierarchy, general 
hierarchy and list of nodes. These three nodes would thus 
be the only nodes acceptable by the traversal type filter. 
Similarly, the category set filter accepts only nodes which 
inherit from “adjective or adverb in FIG. 11. 

0.138. Default values are indicated for input traversal 
type and input context type'. In case no nodes pass through 
the filters to perform these roles, default nodes are substi 
tuted. For instance, if no input traversal type nodes are found 
in the input, the default node general hierarchy substitutes 
for the input traversal type node. Similarly, if no input 
context type nodes are found in the input, the default node 
and substitutes for the input context type. 
0.139 So that priority could be given toward filling each 
specific role, a priority-based dispatching mechanism could 
be used as an alternative to filtering. A dispatching mecha 
nism would be more complex to maintain but could be more 
accurate. For instance, if the symbols fast run were input, 
fast could either be an adverb (fast: 1) for the input category 
set or a verb (fast:2) for the context node set. On the other 
hand, run could either be an noun (run:2 meaning a small 
brook or stream) or a verb (run: 1) both for the context node 
set. To identify both an input category set and a context node 
set, fast could be identified with fast:1 and run identified 
with run:1 or run:2. The dispatcher could reject the alterna 
tive of identifying fast with fast:2 because this would 
prevent identification of an input category set. 
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0140. To perform step 2 of FIG. 12, both an input 
traversal type node and an input category node set must be 
elicited from step 1. In cases where no input traversal type 
node passes the traversal type filter, a default traversal type 
may be substituted for step 2 instead. For instance, FIG. 12 
shows a default traversal type of general hierarchy. In 
cases when special semantics are involved, other default 
traversal types may be chosen instead, Such as category 
hierarchy when semantics are more formal. 

0141 Step 2 of FIG. 12 automatically collects a set of 
candidate nodes, traversing from an input category node set 
according to traversal functions described in FIG. 14, in 
accordance with one embodiment of the present invention. 
For each possible input traversal type, FIG. 14 shows a 
corresponding traversal function. For instance, the default 
traversal type general hierarchy corresponds to the tra 
versal function any inherited links. The contextual mean 
ing chosen by the overall of FIG. 12. is limited to the set of 
candidate nodes returned by the traversal function. 
0142 Step 3 of FIG. 12 automatically computes a best 
contextual distance for each candidate node, given a context 
type passed from the context type filter. The default context 
type is and which in FIG. 15. corresponds to a best 
contextual candidate function of minimum average dis 
tance. Step 3 uses this best contextual candidate function to 
choose a subset from the set of candidate nodes returned by 
step 2. 

0143 FIG. 15 is an example of a table of other context 
types and their corresponding best contextual distance func 
tions, in accordance with one embodiment of the present 
invention. For instance, the input context type and corre 
sponds to a best contextual distance of minimum average 
distance. A minimum average distance can be calculated 
from the topology of a semantic network, by determining the 
shortest path, in semantic links, between each candidate 
node and each context node, then averaging those shortest 
paths and choosing a Subset of nodes having minimum 
average shortest path length to context. FIG. 61 is a flow 
chart showing how minimum average distance can be cal 
culated, in accordance with one embodiment of the present 
invention. Step 3a of FIG. 61 is a loop which iterates 
through each node of the candidate node set. For each pass 
through that loop, the shortest path from a single candidate 
node to each node of the context node set is identified. When 
the shortest paths to each context node have been identified 
for the candidate node, step 3a calculates the average length 
of those shortest paths and stores that average number for the 
candidate node. Step 3a then returns to the top of the loop 
to process the next candidate node until all candidate nodes 
have been processed. Step 3b then determines the minimum 
average shortest path length recorded by Step 3a over all 
candidate nodes, and chooses the Subset of candidate nodes 
having that minimum average shortest path length to con 
text. By choosing the minimum average, the method of FIG. 
62 finds the closest nodes to context, in accordance with one 
embodiment of the present invention. 
0144 Other input context types correspond to other best 
contextual distance functions, according to the meaning of 
that context type. For instance, the input context type not 
corresponds to a best contextual distance of maximum 
average distance. FIG. 62 is a flowchart showing how 
maximum average distance can be calculated. This calcula 
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tion is identical to minimum average distance except for the 
last step. In step 3b of FIG. 62, instead of determining the 
minimum average shortest path length recorded by FIG. 61 
step 3b over all candidate nodes, FIG. 62 step 3b determines 
the maximum average shortest path distance recorded over 
all candidate nodes. By choosing the maximum rather than 
minimum average, the method of FIG. 62 finds the farthest 
nodes from context, to satisfy requests for symbols which 
are NOT like the context. 

0145 There are other context types which correspond to 
different best contextual distance functions. The context type 
or corresponds to a best contextual distance function of 
minimum distance. FIG. 63 is a flowchart showing how 
minimum distance can be calculated, in accordance with one 
embodiment of the present invention. Step 3a of FIG. 63, 
records only the shortest path length between a candidate 
node and of any node of the context node set, rather than the 
average shortest path length between a candidate node and 
all nodes of the context node set as is done in step 3a of FIG. 
61 and FIG. 62. By recording the shortest rather than 
average path length, the method of FIG. 63 emphasizes 
candidate nodes which are close to some context nodes even 
if they are very far from other context node. The result of 
this emphasis allows divergent contextual semantic mean 
ings to be identified. The methods of FIGS. 61 and 62, in 
contrast, emphasize convergent semantic meanings, by 
penalizing candidate nodes which are far from some context 
nodes even if they are near to other context nodes. In FIG. 
63, step 4a identifies the candidate nodes having the shortest 
path length to any context node. 

0146). Other context types require highly stringent best 
contextual distance functions. The context type absolutely 
not is a more stringent then the context type not. Its 
corresponding best contextual distance function infinite 
minimum distance is also more focused. FIG. 64 is a 
flowchart showing how infinite minimum distance can be 
calculated, in accordance with one embodiment of the 
present invention. Step 3a of FIG. 64 determines only if 
there is any path from a candidate node to any context node, 
unlike step 3a of FIG. 62 which determines the shortest path 
from a candidate node to each context node. Step 4b of FIG. 
64 chooses only candidate nodes which have no path to any 
context node, unlike step 4b of FIG. 62 which chooses the 
candidate nodes having maximum average path to context 
nodes. By choosing only nodes which have no path to 
context, FIG. 64 step 3 thus chooses a subset of the nodes 
chosen by FIG. 62. 

0147 Best contextual distance functions can also be 
made more stringent or more lenient by different methods of 
tallying distances along paths between candidate nodes and 
context nodes. Different types of inheritance links can be 
given different weightings when counting the links in a path 
to tally the distance along the path. For instance, in FIG. 15, 
the input context type and equivalent has the best contex 
tual distance function minimum average distance, not 
counting is-a links. This best contextual distance function 
would be identical to that outline by FIG. 61, except that 
when computing the candidate nodes average shortest path 
length, is-a type inheritance links would not be counted, so 
that they would have no effect on the path length. By not 
counting is-a links, all nodes in a is-a inheritance hierarchy 
are considered equivalent to each other in meaning, for the 



US 2007/0094225A1 

context type and equivalent. Such a distance function 
would thus measure contextual equivalency of meaning of 
candidate nodes. 

0148 Step 3 and 4 of FIG. 12 can be automatically 
performed by any of the contextual distance functions 
Suggested above. After step 4 has returned a Subset of 
candidate nodes tied for best contextual distance, step 5 of 
FIG. 12 can generate a Summary of that Subset for presen 
tation to a user of the computer system. Then in step 6, the 
user's response to that presentation can be acquired, to be 
assessed in step 7 of FIG. 12. The assessment can be made 
using a contextual distance function as outlined above by 
FIG. 61, 62, 63 or 64. The assessment step categorizes which 
of the four possible categories of response the user's 
response best matches: deny, ask, confirm, or complain. FIG. 
12 shows branches leading from step 7 for each of these 
categories of response. 

0149 For user responses categorized as deny or ‘ask’, 
the response can be processed by passing along with the 
additional input received in step 6 along with the current set 
of candidate nodes to the beginning of another pass through 
the method of FIG. 12. This branch flows into the line along 
the left edge of FIG. 12. 
0150. For responses categorized as complain, the 
response can be processed by passing the additional input 
received but without the current set of candidate nodes. 
Dropping the current set of candidate nodes, allows the user 
to start from scratch without having to deal with parsing 
problems of the previous input. This branch also flows into 
the line along the left edge of FIG. 12. 
0151. For responses categorized as confirm, the subset 
of candidate nodes returned by step 4 can be stored in a 
semantic network along with the processed input. By gen 
erating new semantic links to store all of these nodes in the 
semantic network, new semantic meanings can be later 
retrieved by other input fed to step 1 of FIG. 12. Thus the 
method of FIG. 12 enables new semantic meanings to be 
stored and later retrieved by other natural language input. By 
storing and retrieving natural language information directly 
as semantic meanings, the method of FIG. 12 can Supercede 
relational databases and other databases by enabling greater 
ease of use and better tools for handling of diverse kinds of 
data. 

0152. Other categories of response may be needed to 
handle user responses. For instance, rather than responding 
directly, the user may respond with a further question. To 
handle Such responses, an additional category response node 
digress can be added to the response type hierarchy of 
FIG. 11, and a corresponding branch of action leading from 
step 7 in FIG. 12. 

0153 FIGS. 16 and 17, in accordance with one embodi 
ment of the present invention, show the method of FIG. 12 
handling specific input data similar to the SQL Query shown 
in FIG. 8. To retrieve records from a relational database 
corresponding to fascinating art not ugly, the eight line 
SQL query at the top of FIG. 8 selects information from two 
joined tables, seeking fascinating from one table and 
avoiding ugly in the other table. FIGS. 16 and 17 show 
how the method of FIG. 12 can more elegantly retrieve 
similar information from a semantic network corresponding 
to fascinating art not ugly. FIG. 16 shows the retrieval of 
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nodes corresponding to fascinating art and FIG. 17 shows 
now these nodes can be winnowed down to correspond to 
not ugly'. 

0154 FIGS. 16 and 17 also handle visual inputs of a 
user's face, to show how image processing as shown in FIG. 
9 can be useful when disambiguating the meaning of user 
input. At the top of FIG. 16, the user input text fascinating 
art and a visual input node of quizzical face are received. 
In step 1, similarly to FIG. 12, these inputs are passed to four 
filters: a traversal type filter, a category filter, a context type 
filter, and a context node filter, whose filtering actions are 
directed by the table in FIG. 13 for the start of a conversa 
tion. The traversal type filter does find any node inputs in 
FIG. 11 inheriting from the node traversal type, so the 
traversal filter passes on its default traversal node of general 
hierarchy. The category set filter finds the node fascinating 
in FIG. 11 inheriting from adjective’, allowing fascinating 
to pass on as the input category set. The other input nodes 
art and quizzical face do not inherit from adjective' or 
adverb' in FIG. 11, so they are not passed on as nodes of the 
input category set. The context type filter does not find any 
input nodes inheriting from and, or, or not, so it passes 
the default context type of “and. The context node filter 
finds two input nodes art and quizzical face' which inherit 
from noun in FIG. 11, so it passes them on as an input 
context node set. 

0.155 FIG. 16 step 2 receives the input category set 
fascinating and the input category set general hierarchy. 
Step 2 maps general hierarchy via FIG. 14 to a correspond 
ing traversal function any inherited links. Step 2 uses this 
traversal function to traverse from the node fascinating in 
FIG. 11 downward to each inheritor of fascinating: charm 
ing, delicate figurines of pasta and stained glass statues of 
people. These three nodes are then collected into the set of 
candidate nodes passed to step 3. 

0156 FIG. 16 step 3 loops through the set of three 
candidate nodes, computing for each candidate node a best 
contextual distance to the input context node set. Step 3 uses 
the table of FIG. 15 and the context type passed into step 3 
of and to determine that the best contextual distance 
function is minimum average distance. FIG. 61 shows the 
steps in applying the minimum average distance function. 
FIG. 16 step 3 shows results of applying FIG. 61 step 3a to 
the semantic network of FIG. 11. From the candidate node 
charming, the shortest path to art has 2 links: from art 
to delicate figurines of pasta to charming. From the 
candidate node charming to the other context node quiz 
Zical face the shortest path has 6 links. Thus the average 
shortest path from charming to the two context nodes is 
(2+6)/2=8/2=4 links. In contrast, two other candidate nodes 
have shorter average shortest paths. The shortest path from 
delicate figurines of pasta is just one link long to art. The 
shortest path from delicate figurines of pasta to quizzical 
face is six links long. So the average shortest path from 
delicate figurines of pasta to the two context nodes art and 
“quizzical face is (1+6)/2=7/2=3.5 links. Similarly, the 
average shortest path from stained glass statues of people 
to the two context nodes art and quizzical face is also 3.5 
links. These shortest paths are outline in step 3 of FIG. 16. 

0157. In step 4 of FIG. 16, a subset of the candidate nodes 
are chosen having best contextual distance. Since candidate 
nodes delicate figurines of pasta and stained glass statues 
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of people have the minimal average distance, as described 
by FIG. 15 for the input context type and, they are chosen, 
eliminating the candidate node charming. Elimination of 
the candidate node charming results from the relatively 
distant position of charming from art in the semantic 
network of FIG. 11. From a linguistic point of view, this 
corresponds to the notion that art is less directly connected 
to the adjective charming than it is to specific instances of 
art. In larger semantic networks, structured according to 
methods outline by was described in patent application Ser. 
No. 09/085830 by Au, art may head a larger subtree, 
increasing the distance from art to various instances of art, 
but the distance between art and the adjective charming 
would also increase, remaining greater. 

0158. In step 5 of FIG. 16, the subset of candidate nodes 
chosen in step 4 are described as two nodes texts connected 
by or for presentation to a user. Other presentations to the 
user may also be useful. Such as a simple scrolling list or a 
list integrated into a graphical user interface relating parsed 
user input items to list elements. 
0159 Step 6 of both FIG. 12 and FIG. 16 gathers from the 
user a response to the presentation of step 4. The purpose of 
gathering a response is to validate that the candidate nodes 
displayed by step 5 are desired. Step 6 of FIG. 16 shows an 
example of a response, which includes the text not ugly and 
the visual input node of unhappy face. This response is 
assessed in terms of its input nodes in step 7 by a method 
outlined in FIG. 18. 

0160 The method in FIG. 18, in accordance with one 
embodiment of the present invention, is a variation on the 
topological classification of an input response shown in FIG. 
12. The method of FIG. 18 begins with of a set of response 
nodes in step 7a, and, by determining which response type 
node most closely corresponds to the set of input nodes. The 
method of FIG. 18 begins by checking for polysemy in the 
input text. Polysemy can be detected as an input word or 
input phrase which can be associated with two or more 
nodes of the same spelling in a semantic network. For 
instance, the word ugly in the input text of step 6FIG. 16 can 
be associated with two nodes both spelled ugly in FIG. 11: 
ugly:1 and ugly:2. By measuring distances in the semantic 
network to find the set of nodes with best contextual 
distance, Step 7c of FIG. 18 disambiguates which of these 
two nodes is most meaningful in the context of the input. 
Step 7d returns this set of most meaningful nodes. Step 7e 
returns to FIG. 12 to perform actions such as storing 
summaries of candidate nodes of FIG. 12 or dropping the 
current set of candidate nodes. FIG. 19, in accordance with 
one embodiment of the present invention, shows an the 
method of FIG. 18 with a different set of inputs having no 
text, only an image of a happy face. Since there is no 
polysemy detected, semantic distances are only compared 
between candidate nodes and the context node “happy face'. 

0161 FIG. 20, in accordance with one embodiment of the 
present invention, shows details of step 7a of FIGS. 18 and 
19. Similarly to the method of FIG. 12, pre-processors map 
inputs to nodes and pass these nodes to category set, context 
type, and context node filters. After filtering, candidate 
nodes are chosen by which node has the best contextual 
distance, to disambiguate polysemy by reducing the set of 
candidate nodes to the Subset having best contextual dis 
tance. FIG. 20 shows how an input of a happy face maps to 
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a best contextual distance for the candidate node ugly:2 
which is ugly in the sense of desirable, Scary and entertain 
ing. In contrast, FIG. 21, in accordance with one embodi 
ment of the present invention, shows how an input of a sad 
face maps to a best contextual distance for the candidate 
node "ugly:1 which is ugly in the sense of an undesirable 
toxic substance. FIGS. 19 and 20 show how subtle shades of 
meaning recorded in the topology of a semantic network 
guide disambiguation of polysemy, by applying best con 
textual distance functions. 

0162 FIGS. 9 through 20 show how the present inven 
tion can be used for natural language processing systems 
engaged in Some form of dialog with a user. By repeatedly 
responding to a user's input while refining a context node 
set, the conversational context of a dialog can be detected 
and confirmed. Once a conversational context has been 
established, other contextually driven meanings can be 
determined from the stream of a natural language input. The 
use of a word to refer to a preceding phrase is highly 
dependent upon context. The grammatical term for this is 
anaphora. Common examples of anaphora involve the words 
it and do. For instance in the sentence "The time has come, 
I know it the it refers to the phrase “The time has come.” 
In natural language processing anaphora are difficult to map 
without using contextual clues. Not only key words like he, 
she, it, do demand mapping, but also his, her, its, was and 
even ellipsis, where the actual anaphora's key word has been 
omitted. By leaving out the it the previous example 
becomes an example of ellipsis combined with anaphora: 
“The time has come, I know.” 
0.163 FIG. 22 shows a method for automatically disam 
biguating anaphora by connecting phrases to the branch of 
a phrase tree having the best match in term of a contextual 
distance function, in accordance with one embodiment of 
the present invention. Unlike the method of FIG. 12, the 
method of FIG. 22 does not involve user feedback, since it 
relies upon inputs and context information already estab 
lished. Thus the method of FIG. 22 can be used for text 
stream parsing and automatic Summarization and translation 
of natural language texts. 
0164. The method of FIG. 22 can also be incorporated 
into a methods such as FIG. 12 to Support a robust parsing 
of input text. 
0.165. The method of FIG. 22 begins with inputs of a 
parsed phrase tree and an anaphora which is a Subset of that 
phrase tree. Similarly to FIG. 11, FIG. 23, in accordance 
with one embodiment of the present invention, shows a 
small semantic network from which best contextual dis 
tances can be measured for the method of FIG. 22. FIG. 23 
contains a dictionary of Vocabulary related to ordering food 
in a restaurant. In step 1a of FIG. 22, as after step 1 of FIG. 
12, context type and corresponding best contextual distance 
functions are identified using filtering or dispatching meth 
ods as discussed earlier for FIG. 12. In step 1b of FIG. 22. 
context node set is identified also using filtering or dispatch 
ing methods as discussed in FIG. 12, but in FIG. 22 filters 
or dispatches from the input phrase tree of nodes rather than 
an input set of nodes as in FIG. 12. 
0166 The method of FIG. 22 resolves anaphora by 
looking for a best possible branch of the parsed phrase tree 
to connect to the anaphora Subset of the phrase tree. Upon 
resolution, the anaphora subset will be relocated to link 
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directly to the best possible branch of the phrase tree. Thus 
the candidate node set in FIG. 22 comes from the set of 
nodes in the input phrase tree to which the anaphora Subset 
can be connected; the candidate notes are NOT in the 
anaphora Subset. Step 1c identifies these candidate nodes. 
0167 Step 2 of FIG. 22 identifies the best candidate 
branch node of the phrase tree according to the optimal 
contextual distance function for the context type. As in FIG. 
12, the best contextual distance function is chosen according 
to the table in FIG. 15. For the pronoun keywords “his”, “her 
and the preposition keyword and the best contextual dis 
tance function is minimum average distance. In contrast, 
the prepositional keywords not has the best contextual 
distance function maximum average distance. FIG. 22 Step 
3 reconfigures the phrase tree to connect the anaphora Subset 
to the best candidate node, thus recording the meaning of the 
anaphora. 
0168 FIG. 24 shows a simple phrase tree in which all the 
nodes are in a single inheritance list, in accordance with one 
embodiment of the present invention. As an input stream of 
natural language texts is processed, the structure of the input 
is often just a list which is then processed into a more 
detailed tree structure reflecting grammatical and syntactic 
meanings. FIG. 24 shows an example of the beginning of 
Such a processing operation. Scanning for a keyword from 
the end of the list, the prepositional keyword and is found. 
Prepositional keywords such as and, or and not are 
significant because each prepositional phrase must be prop 
erly connected to prepositional Subject. Other anaphora 
keywords such as his, her, its and this or that may 
also be sought when Scanning for keywords. Since these 
connections are influenced by natural language context, the 
method of FIG.22 is used to find the best branch node of the 
phrase tree for that connection. The anaphoric subset of FIG. 
24 thus becomes the phase and potatoes for which the 
method of FIG. 22 will find a best prepositional subject in 
terms of a best candidate node. 

0169 FIG. 25, in accordance with one embodiment of the 
present invention, shows the method of FIG. 22 applied to 
the parse tree of FIG. 24. In step 1a of FIG. 25, filtering the 
input phrase tree Subset and pototoes produces the prepo 
sitional keyword and context type and and the correspond 
ing best contextual distance function of minimum average 
distance from the table on FIG. 13. In FIG. 25 step 1b, 
filtering produces the context node set potatotes. In step 1C, 
the candidate node set is produced from the nodes of the 
phrase tree which are NOT in the anaphora subset of and 
potatoes. This candidate nodes of She, would like, 
salad, not and steak are then measured in step 2 to find 
the candidate with best average contextual distance to each 
node in the context node set. In FIG. 25 there is one node in 
the context set, potatoes. Other drawings will show how 
more nodes in the context nodes set affects the average best 
contextual distances measured. In step 3, since according to 
the semantic network of FIG. 23 the closest contextual 
distance from potatoes to steak, the anaphora Subset of and 
potatoes is connected to steak in the parse tree. 
0170 FIG. 26, in accordance with one embodiment of the 
present invention, shows the parse tree of FIG. 24 after 
reconnecting the anaphora Subset of and potatoes to steak. 
Since the preposition and refers to both steak and potatoes, 
the keyword and node heads the subtree to which steak and 
potatoes are connected. 
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0171 FIG. 27, in accordance with one embodiment of the 
present invention, shows a contrasting input phrase tree in 
which and blue cheese dressing is in place of and pota 
toes. FIG. 28, in accordance with one embodiment of the 
present invention, shows the method of FIG. 22 applied to 
the parse tree of FIG. 27 using the same dictionary of FIG. 
23. In FIG. 29 shows, in accordance with one embodiment 
of the present invention, in step 1b the context node set 
produced consists of two nodes: “blue cheese' and “dress 
ing. In step 3 of FIG. 29, distances to this two node context 
node set is are evaluated for each of the candidate node. 
Since the dictionary of FIG. 23 shows that blue cheese and 
dressing are closer to salad than the other candidates, step 3 
connects the anaphora Subset phrase “and blue cheese dress 
ing to “salad'. FIG. 28 shows the parse tree of FIG. 27 after 
step 3 of FIG. 29 has reconnected "salad' and “blue cheese 
dressing under the keyword “and”. 
0172 FIG. 23 shows a semantic network dictionary iso 
lated from the parse trees of FIGS. 24, 26, 27 and 28. Since 
parse trees contain valuable semantic information, they can 
be stored directly in a semantic network together with 
dictionary symbol nodes. By recording how dictionary sym 
bol nodes are actually used in parsed trees, the meaning of 
dictionary symbol nodes is more complete and up-to-date. 
At the same time, the meaning of parsed tree nodes is more 
accurately tied to the dictionary. 
0173 FIG. 30, in accordance with one embodiment of the 
present invention, shows the semantic network dictionary of 
FIG. 23 augmented by the parse trees of FIGS. 26 and 28. 
Since the parse trees of FIGS. 26 and 28 both begin with 
“She would like', they have been automatically combined 
under the header She would like to compact their storage. 
The meaning of the parsed node dressing:2 inherited directly 
from the dictionary node dressing to record that the parser 
has successfully disambiguated the meaning of dressing. 
0.174. By combining parse trees with a dictionary as in 
FIG. 30, the method of FIG. 22 can adjust automatically to 
new meanings associated with parsed natural language 
input. The meaning of Subsequent natural language input can 
be detected using meanings automatically recorded in this 
way. 

0175 FIG. 31, in accordance with one embodiment of the 
present invention, shows how meanings automatically 
recorded in FIG. 30 are useful when processing subsequent 
natural language text. Using the same method steps outlined 
by FIG. 22 and using the semantic network of FIG. 30, the 
natural language input text of “She would like a lot of 
cheese correctly maps the meaning of cheese to cheese:2 in 
the dictionary of FIG. 30. Cheese:2 is the cheese which more 
closely associated with Salad dressing, as opposed to 
cheese:1 which is associated with pizza. In contrast, FIG.33, 
in accordance with one embodiment of the present inven 
tion, shows the same natural language input text of "She 
would like a lot of cheese' and same method steps outlined 
by FIG. 22 but using the semantic network of FIG. 23. The 
meaning of cheese is correctly mapped to cheese:1 in FIG. 
33 because cheese: 1 of a pizza is more closely associated 
with a lot of in the dictionaries of FIGS. 23 and 30. 

0176). As an alternative to the semantic network dictio 
nary of FIG. 30, FIG. 32, in accordance with one embodi 
ment of the present invention, shows the semantic network 
dictionary of FIG. 23 after adding parsed nodes from the 
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input phrase “She would like a lot of cheese. FIG. 32 shows 
how differently the meaning of the parsed nodes She:2 and 
would like:2 are recorded when the input “She would like 
a lot of cheese' precedes “She would like salad not steak and 
potatoes.” As parsed nodes accumulate in a semantic net 
work dictionary, the present invention uses them to more 
accurately attribute meanings to Subsequent natural lan 
guage input. However, if too many parsed nodes accumu 
late, their topology needs to be compacted. General methods 
for compacting them are outlined in patent application Ser. 
No. 09/085,830. Specific methods for compacting parsed 
nodes are outlined in drawing FIGS. 43 through 60 in the 
present invention. 
0177 Examples using the method of FIG. 22 to disam 
biguate the meaning of pronoun anaphora are shown in FIG. 
34 through 38, in accordance with one embodiment of the 
present invention. In FIG. 34, a small semantic network 
dictionary is shown. FIG. 35 shows an input parse tree in the 
form of a list, in which the anaphora pronoun keyword her 
has been marked to delimit the start of an anaphora Subset 
phrase of her food. The other delimiter is the verb was 
which marks the end of the anaphora subset phrase. FIG. 36 
shows how the steps of FIG. 22 can be used with the 
dictionary of FIG. 34 to map the anaphora subset of her 
food to best branch node of FIG. 35. Since the name Amy 
is closer to her in the dictionary than the other candidates 
of should be, here, ... Harold, said, was and ready, 
step 3 reconnects her and food to Amy. 
0178. In contrast, FIG. 37 shows an input parse tree in the 
form of a list, in which the anaphora pronoun keyword his 
has been marked to delimit the start of an anaphora Subset 
of his food. The other delimiter is the verb was which 
marks the end of the anaphora subset phrase. FIG.38 shows 
the steps of the method in FIG. 22 used with the dictionary 
of FIG. 34 and the input phrase tree of FIG. 37. Since the 
name Harold is closer to his in the dictionary than the 
other candidates of Amy, should be, her, ... Harold, 
said, was and ready, FIG.38 step 3 reconnects his and 
food to Harold. 

0179 FIG. 39, in accordance with one embodiment of the 
present invention, shows a small semantic network dictio 
nary emphasizing how long chains of categorization hierar 
chy links can classify various meanings for the symbol 
Chicago. FIG. 40, in accordance with one embodiment of 
the present invention shows a variation of the method of 
FIG. 12, amended to categorize nodes by spelling and by a 
complex traversal function, to disambiguate the meaning of 
the phrase “Chicago bigger than a bread box? 
0180 Step 2 of FIG. 40 describes the complex traversal 
function, which travels long chains of categorization hier 
archy links to retrieve a set of candidate nodes. These 
candidate nodes are compared using a best contextual dis 
tance function as in FIG. 12. FIG. 41, in accordance with one 
embodiment of the present invention is an example of how 
the method of FIG. 40 can be used to map candidates of 
Chicago:1, Chicago:2 and Chicago:3 to a context node set of 
“bread box', correctly identifying Chicago:2 as the best 
meaning of Chicago in “Chicago bigger than bread box.’ 

0181. As shown earlier, in FIG. 30, a semantic network 
dictionary combined from dictionary node symbols and 
parsed natural language node symbols can be used to 
automatically add parsed semantic information to a large 
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semantic dictionary. When a large number of parsed natural 
language nodes is added to a dictionary, the topology of the 
dictionary grows irregular and often repeats the same parse 
tree fragments. To compact the dictionary, FIG. 43, in 
accordance with one embodiment of the present invention, 
shows a method to convert parsed node Subtrees to corre 
sponding is-a link dictionary nodes. In accordance with one 
embodiment of the present invention, Is-a links are standard 
classification hierarchy links, shown as narrow black lines in 
FIG. 44, as opposed to the more vague informs links shown 
as wide gray lines in FIG. 44. In step 1 of FIG. 43, parse 
trees marked for compaction are detected by their inherit 
ance link to the key node inversion (shown in bold). In step 
2 of FIG. 43, the subjects of these parse tree are marked, and 
semantic links to the Subjects are reconfigured to inherit 
from the predicate via direct is-a link. Since the parse tree 
has now been recorded as a standard dictionary node, step 3 
of FIG. 43 deletes the redundant nodes from the parse tree 
to compact the semantic network. Step 3 then returns to 
steps 1 as a loop, to automatically compact other parse trees. 

0182 FIG. 42, in accordance with one embodiment of the 
present invention shows an example of a series of natural 
language inputs to be recorded by a semantic network by 
methods of FIG.22 and FIG. 43. FIG. 44, in accordance with 
one embodiment of the present invention, shows a small 
semantic network dictionary for use by methods of FIGS. 22 
and 43 to record the inputs shown in FIG. 42. FIG. 45 shows 
the input sentence “My friend Hal was a programmer 
recorded into the semantic network of FIG. 44 by method of 
FIG. 22. The node was:3 is shown in bold to indicate that it 
inherits from inversion and therefore will be detected by 
the method of FIG. 43 for inversion to dictionary format. 

0183 FIG. 46, in accordance with one embodiment of the 
present invention, shows how the subtree of was:3 is 
inverted to dictionary format node programmer:2 inheriting 
from was:1 and programmer: 1. Since step 1 also links Hal:2 
to inherit from programmer:2, the subtree of was:3 has now 
been fully inverted to dictionary format. Hal:2 now inherits 
the meaning of programmer:2 directly from an is-a link, 
exactly as a standard dictionary node instead of a parse tree 
node. In FIG. 47, in accordance with one embodiment of the 
present invention, the redundant Subtree nodes was:3, a:4 
and programmer:3 nodes are deleted, to compact the seman 
tic network. 

0.184 The next two lines of input from FIG. 42 are 
recorded by the method of FIG. 22 to augment the semantic 
network of FIG. 47. These inputs are “His number is (402) 
287-0101. His address is 404 Fesser Street in Detroit. This 
augmented semantic network is shown in FIG. 48, in accor 
dance with one embodiment of the present invention. Since 
number and address as predicate concepts are not intrinsic to 
their subjects, the is: 1 node associated with number: 1 and 
address: 1 are do not inherit from inversion. This prevents 
the method of FIG. 43 from improperly inverting parse node 
subtrees which inherit from is:1. Since is:1 is closer in the 
semantic network to number:1 and address: 1, the method of 
FIG. 22 connects the parse node is:4 to is:1 rather than is:2. 

0185 FIG. 49, in accordance with one embodiment of the 
present invention, shows the semantic network of FIG. 48 
after applying the method of FIG. 22 on the fourth input line 
of FIG. 42: “He is a good trumpet player. Since is:2 is 
closer to player: 1 than is: 1 in FIG. 48, the method of FIG. 
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22 connects the parse node is:5 to is:2 rather than is:1. This 
permits the method of FIG. 43 to correctly invert the parse 
node subtree is:5 to standard dictionary node is-a links, 
shown in FIG. 50. 

0186 FIG. 43 through 50, in accordance with one 
embodiment of the present invention thus show how seman 
tic information can be automatically parsed into standard 
semantic network dictionary format, to automatically create 
large semantic network dictionaries without manual inter 
vention by lexicographers and linguists. These labor-saving 
methods can be extended to also automatically record 
semantic information contained questions posed to a natural 
language processor. FIG. 51 through 60, in accordance with 
one embodiment of the present invention, show how parsed 
questions can be stored in a semantic network dictionary just 
as parsed statements can be stored. The parsed questions can 
be marked for later linking to their answers, as shown in 
FIG. 59, and entire question-answer parsed subtrees can be 
inverted to standard dictionary is-a link nodes as shown in 
FIG. 60. The method shown in FIG. 58 shows how to invert 
questions into is-a links. FIG. 51 shows how to generate an 
answer to a question, by describing nodes which best in the 
sense of a best contextual distance to the question nodes. 
FIG. 52 shows how to map question node types to traversal 
functions to fetch candidate nodes for answering questions. 
A set of candidate nodes having best contextual distance to 
the question nodes can then be chosen as an answer to 
questions. 

0187 FIG. 53 shows how the method of FIG.51 answers 
the question from FIG. 42 by creating nodes in the semantic 
network of FIG. 50. Since the present invention automati 
cally acquires semantic network meanings from natural 
language Statements, questions and answers to questions, the 
present invention can automatically acquire all type of 
natural language meanings from natural language dialog. 
This automatic language acquisition functionality, together 
with the accuracy of the retrieval methods of the present 
invention makes the comparatively laborious data base 
maintenance work of relational database obsolete. 

1-19. (canceled) 
20. A method of providing customer Support using natural 

language input, the method comprising: 
receiving a natural language search input, wherein the 

natural language input includes at least one word; 
analyzing each of the at least one word of the natural 

language input using a semantic inheritance network; 
and 

determining a contextual meaning for the natural lan 
guage input using each of the at least one word of the 
natural language input analyzed using the semantic 
inheritance network. 

21. The method of claim 20, wherein analyzing each of 
the at least one word of the natural language input using a 
semantic inheritance network includes: 

analyzing each of the at least one word of the natural 
language input using a plurality of candidate nodes and 
at least one contextual distance; and 

determining at least one preferred contextual distance. 
22. The method of claim 21, wherein determining a 

contextual meaning for the natural language input using 
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each of the at least one word of the natural language input 
analyzed using the semantic inheritance network includes: 

applying the at least one contextual distance to the plu 
rality of candidate nodes to produce a contextual mean 
ing for the natural language input. 

23. The method of claim 22, wherein the semantic inher 
itance network includes a stored natural language context 
including a plurality of context nodes, and wherein analyZ 
ing each of the at least one word of the natural language 
input using a plurality of candidate nodes and at least one 
contextual distance includes: 

identifying a plurality of links, wherein each of the 
plurality of links traverses from one of the plurality of 
candidate nodes to one of the plurality of context 
nodes; and 

computing each of the at least one contextual distance for 
each of the plurality of candidate nodes, each of the at 
least one contextual distance occurring between one of 
the plurality of candidate nodes and one of the plurality 
of context nodes. 

24. The method of claim 23, wherein determining at least 
one preferred contextual distance includes: 

comparing each of the at least one contextual distance to 
one another. 

25. The method of claim 24, wherein determining at least 
one preferred contextual distance further includes: 

selecting a subset of candidate nodes from the plurality of 
candidate nodes. 

26. The method of claim 25, wherein determining at least 
one preferred contextual distance further includes: 

determining a preferred contextual meaning correspond 
ing to the natural language input; 

wherein each of the subset of candidate nodes has an 
associated contextual distance approximating an opti 
mal contextual distance, such that each of the input 
nodes has at least one candidate node selected from the 
Subset of candidate nodes, the at least one associated 
candidate node being the preferred contextual meaning 
for the corresponding one from the set of input nodes. 

27. The method of claim 26, wherein the semantic inher 
itance network includes a plurality of semantic nodes, and 
wherein each of the subset of candidate nodes inherits from 
a common semantic network node, the common semantic 
network node being selected from the plurality of semantic 
nodes. 

28. The method of claim 26, wherein determining at least 
one preferred contextual distance further includes: 

determining a greatest minimal distance among each of 
the plurality of candidate nodes and each of the plu 
rality of context nodes. 

29. The method of claim 26, wherein, if no links are 
identified as traversing among one of the plurality of can 
didate nodes and any one of the plurality of context nodes, 
estimating a distance between each of the plurality of 
candidate nodes and each of the plurality of context nodes. 

30. The method of claim 26, wherein each of the plurality 
of links has a corresponding one of a plurality of semantic 
link types. 

31. The method of claim 26, wherein no links are iden 
tified as traversing from one of the plurality of candidate 
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nodes to one from the plurality of context nodes for at least 
one of the plurality of semantic link types. 

32. The method of claim 26, wherein identifying a plu 
rality of links includes: 

excluding each of the plurality of links having the at least 
one of the plurality of semantic link types for which no 
links are identified. 

33. The method of claim 20, wherein the network is the 
Internet. 

34. The method of claim 20, wherein the method is 
performed by a processor. 

35. The method of claim 34, wherein the processor is 
contained in a terminal. 

36. The method of claim 35, wherein the terminal is 
selected from a group consisting of a personal computer, a 
minicomputer, a microcomputer, a main frame computer, a 
telephone device, and a hand-held device. 

37. The method of claim 34, wherein the processor is 
imbedded in a device having voice synthesis capability. 

38. The method of claim 22, wherein the plurality of 
candidate nodes have inheritance sibling nodes and links 
among the inheritance sibling nodes in a topology, the 
method further comprising: 

applying an abstractness analysis to the topology for each 
of the candidate nodes and to at least one alternative 
topology for each of the candidate nodes; and 
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selecting at least one preferred topology based on the 
abstractness analysis. 

39. The method of claim 38, wherein selecting at least one 
preferred topology based on the abstractness analysis 
includes: 

weighting the topology and each of the at least one 
alternative topology. 

40. The method of claim 22, further comprising: 

identifying a customer Support query most closely corre 
sponding to the subset of the plurality of possible words 
having the contextual meaning meeting the preferred 
contextual meaning threshold. 

41. The method of claim 40, further comprising: 

providing a customer Support function corresponding to 
the identified customer Support query. 

42. The method of claim 41, wherein the customer support 
function is a text or Sound response to the customer Support 
query. 

43. The method of claim 42, wherein the sound response 
includes voice information. 


