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Methods are presented for generating a natural language 
model. The method may comprise: ingesting training data 
representative of documents to be analyzed by the natural 
language model, generating a hierarchical data structure 
comprising at least two topical nodes within which the train-
ing data is to be subdivided into by the natural language 
model, selecting a plurality of documents among the training 
data to be annotated, generating an annotation prompt for 
each document configured to elicit an annotation about said 
document indicating which node among the at least two topi-
cal nodes said document is to be classified into, receiving the 
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annotation based on the annotation prompt; and generating 
the natural language model using an adaptive machine learn-
ing process configured to determine patterns among the anno-

tations for how the documents in the training data are to be 
subdivided according to the at least two topical nodes of the 
hierarchical data structure. 
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METHODS FOR GENERATING NATURAL 
LANGUAGE PROCESSING SYSTEMS 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims the benefits of U.S. Provi-
sional Application 62/089,736, filed Dec. 9, 2014, and titled, 
"METHODS AND SYSTEMS FORANNOTATING NATU-
RAL LANGUAGE PROCESSING," U.S. Provisional Appli-
cation 62/089,742, filed Dec. 9, 2014, and titled, "METH-
ODS AND SYSTEMS FOR IMPROVING MACHINE 
PERFORMANCE IN NATURAL LANGUAGE PROCESS-
ING," U.S. Provisional Application 62/089,745, filed Dec. 9, 
2014, and titled, "METHODS AND SYSTEMS FOR 
IMPROVING FUNCTIONALITY IN NATURAL LAN-
GUAGE PROCESSING," and U.S. Provisional Application 
62/089,747, filed Dec. 9, 2014, and titled, "METHODS AND 
SYSTEMS FOR SUPPORTING NATURAL LANGUAGE 
PROCESSING," the disclosures of which are incorporated 
herein by reference in their entireties and for all purposes. 
[0002] This application is also related to US non provi-
sional applications (Attorney Docket No. 1402805.00007_ 
IDB007), titled "ARCHITECTURES FOR NATURAL 
LANGUAGE PROCESSING," (Attorney Docket No. 
1402805.00012_IDB012), titled "OPTIMIZATION TECH-
NIQUES FOR ARTIFICIAL INTELLIGENCE," (Attorney 
Docket No. 1402805.00013 _IDB013), titled "GRAPHICAL 
SYSTEMS AND METHODS FOR HUMAN-IN-THE-
LOOP MACHINE INTELLIGENCE," (Attorney Docket No. 
1402805.00014_IDB014), titled "METHODS AND SYS-
TEMS FOR IMPROVING MACHINE LEARNING PER-
FORMANCE," (Attorney Docket No. 1402805.000015_ 
IDB015), titled "METHODS AND SYSTEMS FOR 
MODELING COMPLEX TAXONOMIES WITH NATU-
RAL LANGUAGE UNDERSTANDING," (Attorney Docket 
No. 1402805.00016_IDB016), titled "AN INTELLIGENT 
SYSTEM THAT DYNAMICALLY IMPROVES ITS 
KNOWLEDGE AND CODE-BASE FOR NATURAL LAN-
GUAGE UNDERSTANDING," (Attorney Docket No. 
1402805.00017_IDB017), titled "METHODS AND SYS-
TEMS FOR LANGUAGE-AGNOSTIC MACHINE 
LEARNING IN NATURAL LANGUAGE PROCESSING 
USING FEATURE EXTRACTION," (Attorney Docket No. 
1402805.00018_IDB018), titled "METHODS AND SYS-
TEMS FOR PROVIDING UNIVERSAL PORTABILITY IN 
MACHINE LEARNING," and (Attorney Docket No. 
1402805.00019_IDB019), titled "TECHNIQUES FOR 
COMBINING HUMAN AND MACHINE LEARNING IN 
NATURAL LANGUAGE PROCESSING," each of which 
are filed concurrently herewith, and the entire contents and 
substance of all of which are hereby incorporated in total by 
reference in their entireties and for all purposes. 

TECHNICAL FIELD 

[0003] The subject matter disclosed herein generally 
relates to processing data. In some example embodiments, the 
present disclosures relate to methods for generating natural 
language models. 

BACKGROUND 

[0004] It has long been a goal to program machines to 
process human-readable language, sometimes in part as an 
effort to generate artificial intelligence. However, program-

ming computers to process human-readable language has 
proven to be far more difficult than imagined, particularly as 
languages continue to change and evolve, and the meaning of 
words and phrases are more ambiguous and nuanced than 
assumed. A number of techniques are available for processing 
natural language by computers, but the methods for generat-
ing these models either are inaccurate and imprecise or 
require months of refinement and programming to accurately 
model specific subject areas of language. It is desirable, there-
fore, to develop improved methods for generating natural 
language models that are accurate and quick while also reduc-
ing human time spent generating the models. 

BRIEF SUMMARY 

[0005] In some embodiments, a method for generating a 
natural language model is presented. The method may 
include: ingesting, by a natural language platform comprising 
at least one processor coupled to at least one memory, training 
data representative of documents to be analyzed by the natu-
ral language model; generating, by the natural language plat-
form and based on topical content within the training data, a 
hierarchical data structure, the hierarchical data structure 
comprising at least two topical nodes, wherein at least two 
topical nodes represent partitions organized by two or more 
topical themes among the topical content of the training data 
within which the training data is to be subdivided into; select-
ing among the training data, by the natural language platform, 
a plurality of documents to be annotated; generating, by the 
natural language platform, at least one annotation prompt for 
each document among the plurality of documents to be anno-
tated, said annotation prompt configured to elicit an annota-
tion about said document indicating which node among the at 
least two topical nodes of the hierarchal data structure said 
document is to be classified into; causing display of, by the 
natural language platform, at least one annotation prompt for 
each document among the plurality of documents to be anno-
tated; receiving, by the natural language platform, for each 
document among the plurality of documents to be annotated, 
the annotation in response to the displayed annotation 
prompt; and generating, by the natural language platform, the 
natural language model using an adaptive machine learning 
process configured to determine, among the received annota-
tions, patterns for how the documents in the training data are 
to be subdivided according to the at least two topical nodes of 
the hierarchical data structure. 
[0006] In some embodiments, the method further includes 
testing, by the natural language platform, performance of the 
natural language model using a subset of the documents 
among the training data that received annotations. 
[0007] In some embodiments, the method further includes: 
computing, by the natural language platform, a performance 
metric of the natural language model, based on results of the 
testing; and determining whether the natural language model 
satisfies at least one performance criterion based on the com-
puted performance metric. 
[0008] In some embodiments, the method further includes 
performing, by the natural language platform, one or more 
optimization techniques configured to improve performance 
of the natural language platform, in response to determining 
that the natural language platform fails to satisfy the at least 
one performance criterion based on the computed perfor-
mance metric. 
[0009] In some embodiments of the method, the one or 
more optimization techniques comprises at least one o£ a 
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feature selection process, a padding and rebalancing process 
of the natural language model, a pruning process of the natu-
ral language model, a feature discovery process, a smoothing 
process of the natural language model, or a model interpola-
tion process. 
[0010] In some embodiments, the method further includes 
determining that the natural language platform fails to satisfy 
the at least one performance criterion based on the computed 
performance metric; in response to said determining: identi-
fying a topical node among the two or more topical nodes of 
the hierarchal data structure that the natural language model 
fails to accurately categorize documents into; selecting a 
second plurality of documents to be annotated, the second 
plurality comprising documents associated with said topical 
node that the natural language model failed to accurately 
categorize documents into; generating a second set of at least 
one annotation prompt for each document among the second 
plurality of documents to be annotated, said annotation 
prompt among the second set configured to elicit an annota-
tion about said document to improve the natural language 
model in accurately categorizing documents into said topical 
node; causing display of the second set of the at least one 
annotation prompt for each document among the second plu-
rality of documents to be annotated; receiving, by the natural 
language platform, for each document among the second 
plurality of documents to be annotated, a second set of anno-
tations in response to the second set of displayed annotation 
prompts; and generating, by the natural language platform, a 
refined natural language model using the adaptive machine 
learning process and based on the hierarchical data structure, 
the training data and the second set of annotations. 
[0011] In some embodiments of the method, generating the 
hierarchical data structure comprises performing a topic 
modeling process configured to identify two or more topics 
among the content of the training data that is configured to 
define the two or more topical nodes of the hierarchical data 
structure. 
[0012] In some embodiments, the method further includes 
accessing one or more rules configured to instruct the natural 
language model how to categorize one or more documents 
into the two or more nodes of the hierarchical data structure. 
[0013] In some embodiments of the method, generating the 
hierarchical data structure comprises: conducting a rules gen-
eration process configured to evaluate logical consistency 
among the one or more rules. 
[0014] In some embodiments of the method, generating the 
hierarchical data structure comprises: generating, by the 
natural language platform, at least one annotation prompt for 
each topical node among the two or more topical nodes in the 
hierarchical data structure, said annotation prompt config-
ured to elicit an annotation about said topical node indicating 
a level of accuracy of placement of the node within the hier-
archical data structure; causing display of, by the natural 
language platform, the at least one annotation prompt for each 
topical node; and receiving, by the natural language platform, 
for each topical node, the annotation in response to the dis-
played annotation prompt. 
[0015] In some embodiments, the method further includes 
evaluating performance of the hierarchical data structure 
based on the annotations. In some embodiments, the method 
further includes, in response to the evaluating, determining 
that the hierarchical data structure fails to satisfy at least one 
performance criterion; and modifying a logical relationship 
among the two or more topical nodes based on the annotations 

Jun. 9, 2016 

and in response to determining that the data structure fails to 
satisfy the at least one performance criterion. 
[0016] In some embodiments, the method further includes 
generating a training guideline based on the annotations to the 
nodes, the training guideline configured to provide instruc-
tions to an annotator for answering one or more annotation 
prompts for each document among the plurality of documents 
to be annotated. 
[0017] In some embodiments of the method, the hierarchi-
cal data structure comprises at least a third topical node and a 
fourth topical node, wherein the third and fourth topical nodes 
both represent sub-partitions within the topical theme of the 
first node and organized by a third and fourth topical theme, 
respectively, among the topical content of the training data 
within which the training data is to be subdivided into. 
[0018] In some embodiments, another method for updating 
a natural language model is presented. This method may 
include: utilizing the natural language model to identify topi-
cal content of untested data and to classify said untested data 
into at least two topical nodes of a hierarchical data structure 
according to the identified topical content of the untrained 
data, the hierarchical data structure comprising the at least 
two topical nodes, wherein the at least two topical nodes 
represent partitions organized by two or more topical themes 
among the topical content of the untested data within which 
the untested data is to be subdivided into; determining that the 
natural language model classifies at least a subset of the 
untested data into the at least two topical nodes with a low 
degree of certainty; and modifying the natural language 
model with updated data, the updated data comprising a sub-
set of the untested data that the natural language model has 
classified with a low degree of certainty. 
[0019] In some embodiments, a non-transitory computer 
readable medium is presented comprising instructions that, 
when executed by a processor, cause the processor to perform 
operations comprising: ingesting training data representative 
of documents to be analyzed by a natural language model; 
generating a hierarchical data structure, the hierarchical data 
structure comprising at least two topical nodes, wherein the at 
least two topical nodes represent partitions organized by two 
or more topical themes among the topical content of the 
training data within which the training data is to be subdi-
vided into; selecting among the training data a plurality of 
documents to be annotated; generating at least one annotation 
prompt for each document among the plurality of documents 
to be annotated, said annotation prompt configured to elicit an 
annotation about said document indicating which node 
among the at least two topical nodes of the hierarchal data 
structure said document is to be classified into; causing dis-
play of the at least one annotation prompt for each document 
among the plurality of documents to be annotated; receiving 
for each document among the plurality of documents to be 
annotated, the annotation in response to the displayed anno-
tation prompt; and generating the natural language model 
using an adaptive machine learning process configured to 
determine, among the received annotations, patterns for how 
the documents in the training data are to be subdivided 
according to the at least two topical nodes of the hierarchical 
data structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Some embodiments are illustrated by way of 
example and not limitation in the figures of the accompanying 
drawings. 














































