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(57) Abstract: A natural language processing system is disclosed herein. Em-
bodiments of die NLP system perform hand-written rule-based operations
thai do not rely on a trained corpus. Rules can be added or modified at any
time to improve accuracy of the system, and to allow the same system to op-
erate on unstructured plain text from many disparate contexts (e.g. articles as
well as twitter contexts as wei! as medical articles) without harming accuracy
for any one context. Embodiments also include a language decoder (LD) that
generates information which is stored in a three-level framework {word,
clause, phrase). The LD output is easily leveraged by various software applic-
ations to analyze large quantities of text from any source in a mote sophistic-
ated and flexible manner than previously possible. A query language (LDQL)
for information extraction from NLP parsers' output is disclosed, with em-
phasis on on its embodiment, implemented for LD. it is also presented, how
to use LDQL for knowledge extraction on the example ot application named
Knowledge Browser.
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LS. Patent Application
for

NATURAL LANGUAGE PROCESSING SYSTEM AND METHOD

RELATED APPLICATIONS

This application claims the benefit of US. Provisional Patent Application Nao, 61/721,792,

filed November 2, 2012, which is incorporated by reforence herein i #s entirety.

FIELD OF THE INVENTION

ventions disclosed and clanwed herein me in the field of natural language processing
{NLP)

BACKGROUND

Natural language processing (NLP) systoms are computer-tmplomented methods for taking
natural language wnput (for example, computer-readable text), and operating on the input so

s to generate output that ik useful for computers to darive pwaning.  Examples of NLP
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systems apphications mclude spell chockeors/grammar chockers, machine translation systems,
and speech-to-text systems.  Increasingly, there is mterest m developmg methods for
machines to more micligently interpret buman language mput data {such as text) for the
mrpose of directing the computer as if 1t were another person who could understand speech.
One apphication for such methods 15 search engines that receive a typed query from a person
and perform web scarches to attempt to gencrate a set of meaningful answers to the query.
An mmportant subclass of NLP systerns s NLP parsers, especially granymatical parsers such
as Part-Of-Speech tapger, constituency parsers, dependency parsers, and shallow semantic
parsers such as SRL Semantic Role Labehng), Thewr vole is to preprocess text and add
additional information to words to prepare it for further usage. Current NLP systems are
mostly built on top of NLP parsers and they features and sccuracy strongly relies on the
information produced by these parsers. Quality of the information delivered by these parsers

is sirongly correlated with the efficiency of NLP systems,

Figure 1 is a block diagram of prior art NLP parsers 100, The imput is a toxt, which g
processed by NLP parser (102) consisting of machine learning techniques (104) wained on
manually annotated corpus {105}, The parser (102) produces the output (103) which is then

used by other systems/applications (166).

All current parsers are dependent on corpora and therefore on the context 1 which they were
written.  Typically corpora are in a context of corrcetly written, grammatically correct
sentences and common syntactic structwres which are maneally annotated by humans. The
system 1s then tramed using this corpus.

This 18 one reason that traditional NLP parsers ave most acourate on the same typs of content
they were fraed on (the same corpus}. That is why always-changing language, such as user
generated content (e.g. roviews, tps, comments. tweets, social media content) presents g
challenge for WLP parsers built with machine leamnmg techmgues.  Such content often
includes grammatically incorrect sentences and non-standard usage of language, as well as
emoticons, acronvims, strings of non-fetter characters and so on. Thes content s constantly

changing and expanding with different words or syntactic structures. Al of this content has
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meaningfid information and it 15 casy to undersiand by laomans bat it is sull difficudt for NLP

applications o extract moaning out of it.

Ong way i which curvent NLP parsers can be updated ov inproved {for bettor goowacy of
extracting additional information} s to medity the existing corpus, or croate 3 new Corpus or
re-anmotate existing one and retrain the systom with it 1o understand new content. However,
this is a tedious, costly and tme-consuming process, For example all current NLP parsers are
gsing corpus as a trainmy data annotated by hoguists with predefined {ags (e.g. Penn

Trechank} - especially use machine-learning algorithms.

I there was a need to distinet pronominal or adjectival aspect of “that” {giving them different
POS tags m different context}, one would need to maneally re-annotate by hnguists alf the
sentences in the whole corpus that contain word “that” regarding the context of cach usage of

“that” and retran the parser.

Buwilding a particular application on top of and NLP parser requires building a module to
wansform the NLP parser output into usable data. The application using the parser's output
could be coded in a programwning language, use a rule based systems or be traned with

machine learming techmiques - or created with combination of any of the above methods,

Using NLP parsers can be challenging due to the need to understand the structure of the
output and parameters {requires expert knowledge). One of the challenges in NLP parsers is
to provide constant consistent structure of information.  Also, the output of the NLP parsers

rely on the quality of the inpat text data,

For exanyple,

constder these senfences

et

[

i, Jobor ikes maih,
2. Jabw {ikes 1o Tearn.

3Jofm Bkes learning math in the evening.
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By using granmunar parsers in cach case you will got differont notations for the object what

John hikes.

In constituency parseres the number of levels (depth)y i parse tree dopends of the length and
the wanunatical structhwre of the processed sentences. In g given example the fust sentense
has 3 levels, the sccond sentence has § levels and the third example has 6 levels ma tree

represesation.

In state-of-the-art dependency parsers the stracture of the output and mumber of fevels m the
dependency tree representation also vary, Adding even one word in the sentence can alter the

gravumnatical informavon of all the other words.

The given example about John would produce different structure for cach sentence. The first
senienes require extracting dependents of “doby” relation comnected to the word Mikes”, in
sceond all dependents of "xeomp” relation comnected te the word “likes” and m third example
thery is a need of analyzing all governors connected to dependents of "xcomp” related to the
word “likes”.

All of the above is the reason why it is difficult for people and especially non-hinguisis
{dovelopers, analvsts) to use the parser cotput and write nules to adjuest it to their curront
neods. B to write wformation exiraction eagine to oxiract information about product
features from reviews vou could use constitueney or dependency parser but yvou need to write
complex algorithms to scarch through the pavse wee. To move to another domam {e.g.
extracting information from twitter) the algorithms must be redesigned. and part of the code

rewTHen.

To deal with these problems NLP systems use machine learning techniques. This approach

has some lunitations in torms of accuracy and amount of extracted information.

There are query languages to process structured data {eg. SQL for relational databases,

Cypher for graph databases, SPARQL - RDF tagged twexts {resource doseription framework})
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bat there are no languages designed directly to query structure of the natural language (ouiput

of the NLP parser).

It would be desirable to have an cfficient framework of storing information decoded from
toxt. it should provide mvariant and consistent way of stormng mformation which would be
msensitive to difforent types of input. Having such a framework, would be possible for non-
experts o write officiont nides on top of NLP parser's output.

It would be desivable to have & parser for nabtwal language processing that s bule fidly
algorithmically so it alloows for constantly improvement i acowracy, and the addition of new
features, without building or re-annotating any corpus. It would desirable to have an NLP
system that is more capable than current NLP parsers of dealing with non-typical
grammatical wnput, deals well with constantly-changing language on the web, and produces
accurate output which can be stored into an efficient framework of miormation.

It would also be desirable to have a query language that can be used on the logical laver
across different mpot contexts allowing humans fo write efficient rales for extracting

arformation and is capable of effectively leveraging many NLP gystems.

BRIEY DESCRIPTION OF THE DRAWINGS

Figure 1 is 2 block diagram of a prior avt natural language processing system.

Figure 2 15 a block diagram of o natural language processing environment according 1o an

embodiment.

Figure 3 15 a block diagram of 2 nateral language processing system aceovding o an

entbhodiment,
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Figure 4 15 a block diagram of a natural language processing system according {o an

embodiment.
Figure 515 a block diagram of word tagger according to an embodiment.

Figare 6 is a flow diagram of a word tagger updating or exception handling method

po

according (o an ambodiment.

Figure 7 is a block diagram of clavse divider elements and processes according to an

embodinient.

Figure 8 13 a flow diagram of a clause divider updating or exception bandling method

according to an ermbodiment.

Figares 9-14 are diagrams of a clayse divider process according to an embodiment.
Figure 16 is a block diggram of accomedator according to an embodime.

Figare 17 is g flow diagram of the “it” test according to an embodiment

Figures 18-23 wre diagrams illustrating the operation of the accomadator according to an

cribodiment.

Figuare 24 is a flow diagran of Language Decoder apdating or exception handling method

according to an embodiment.

Figure 25 is a diagram of & three-level output struensre for LD 203 according to an

cmbodiment

Figure 26 s a diagram ustrating the operation of a language devoder (LD} acvording to an

cmbodiment.

Figure 27 15 3 diagram dlustrating an overview of an information extraction methodelogy

according to an embodiment.
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Figures 28-34 slustrate a aser mtorface of a knowledye browser application according to an

embodiment.
DETAILED DESCRIPTION

Enbodiments of mventions disclosed herein include improvements on current NLP systems
and methods that are especiatly relovant to processing wput that consists of plain text from
different types of context. As such, the cmbodiments disclosed heorein provide 8 highly
accessible platform for natural language processing. The output of the disclosed NLP systomn
is eastly loveraged by various software applications to analyze large quandities of text frmo

IV source i a more sophisticated and fextble muanmer than previousty possible,

The Langeage Decoder s a novel fally algorithmic NLP parser that is decoding information
out of text and store if info three-level framework wlhich is capable of handling various type

of texts from different domain like reviews, news, formal documents, tweeks, conmments gte..

The algorithimic nature of the system allows to achieve high accuracy on user generated

content.

Embodiments of the NLP systom can thus work properdy on different kinds of domains at the

same e,

This three-tevel hierarehieal framework of processed text is leveraged by cmbodiments of a
language decoder quory language LDOL as further described heremn. The LDOQL i
particalarly easy o use for developers, without requiring specific hnguistics traming

gex oould concetvahly be developed for exiraction

P

However, other nde-hased guery langua
{by query) of information from text processed by the LD,

Figare 2 13 a block diagram of & natural language processing enviromment 200 accovding to
an embodiment. A natural language processing (NLP) system 200 accepts text as input. Text
can inclode clectronic data from many sowces, sach as the Internet, physical media {e.g. hard
disg), a network comnected data base, gic. The NLP system 260 includes multiple databases

202A and multiple processors 2028, Databases 202A and processors 2028 can be located
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anvwhere that is accessible 1o & connceted network 208, which is typically the Intemet
Databases 202A and processors 2028 can also be disttibuted geographically in the known
manner. Data sources 21 include: 1) any source of electromic data that could serve as a
souree of text inpat to NLP system 202, and 2) any source of electronic data that could be

searched vsing the oatput of NLP system, 202 as desertbed further below,

Other systems and  applications 106 are systems, ncluding commmercial systems and
associated softwary applications that have the capability to access and use the owtpat of the
NLF system 202 through one or more application programming interface {APls) as further
deseribed below,  For example, other svstomsfapplications 106 can include an online
apphication offering s users a scarch cngme for answering spectfic guertes. bnd vsors 212
includes mulividuals who might use applications 106 through one or muwe of end user devices
12VA. User devices 2124 melude without himitations personal computers, smart phones,
fablet computers, and se on. In some cmbodiments, end users 121 access NLP system 202

directly through one or more APls presented by NLP system 202,

Figure 3 v a block disgram illustratmg NLP 202 m move detail of according to an
cmbodiment.  aput toxt 1s recsived by Language Decoder (LD 2030 LD 203 parses gnd fays
{mmong other things) the wput text as further desenbed below. The owtput of the LD 203 is
referred {o here as LD output AP 205, and can be operated on by a variety of downstremn
software apphications ot systems as described in this doawent. The fonmat of LD output 203
is deseribed in further detasl below, but @t i casily accessible to varions machine learning
systomy 104, which can process it to provide input to yet other systenw/applications 16,
Other systems/applications 106 can also divectly use LD output 205, Onece the format of LD

output 205 is understood, anyone can access desired information from the origmal mput text.

The LD cutput 205 can also be operated on by cmbodiments of an LD query language
(LDQL) 204, LDOL 204 i deseribed according to varions embodiments below as an
improved query language designed to take advantage of LI output 205, However LDOQL 204
can also operatc on the output of any priow NLP system. Also provided n vanous

embodiments Is a hugher level of APIs (as compared to LD output 205) for providing
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machine learning systems 104 and other systoms/apphications 106 more inhotive access to

LD output 265, Other systoms/ apphmnom 136 can melude semantic databases, Freebase?™,

Wordnett™, gte.

In general, LD APls 206 are relatively casy to use to for other systoms seeking fo manipulate
LI} output 205, However, machime learning systems 104 and other svstoms/applications 106

can alzo directly write queries using LDQL 204

Figure 4 15 block diagram showing more detail of an NLP systeyn 202 according 10 an
cmbodiment. The LD 203 includes a word tagger 203A which is fusrther described below.
The word tagger 203 includes a tokeonizer 203A1, and & sentence divider 20042, The word
tagger 2034 communicates 1w output to a predicate finder 2038, The LD 203 also mehudes a

clawse divider 203C and an accommodator 2030,

Figare 26 is a diagram sumacizing the operation of the LI 203 is an example according to
an embodiment.  In thus example, the fext mput 15 the sentence “Jobn is a nfee guy and
Susamne tikes him.™ Tokenizer and sentence divider (20341 and 203A2) divide the mput text
o separate words grouped into sentences {a single sentence 1s shown here as an example).
A corrector module 2604 cooperates with the tokemzer 203A1, the sentence divider 203A2
and the word tagger 203A and applies rules to tmprove the text toput, for example by fixing
typos 1 the mput. A named entity recognition module 26402 locates and classifies eloments

such 3s ngmes of persoms, names of orgamizgtions, names of focations, €ic.

The word tageer 203A labels cach word with a tag from the proprictary tagset previously
deseribed.  The predicate finder 2038 builds prodicates from varb components.  Then the
clause divider 203C joins words into scraps, groups them o separate clauses, and
deterpines relationships and types of those clauses. Next the accommodator 203D converts
scraps within clawses into pheases and determimes relationships and types of those phrases.
At the eod of the process, the accommodator determines types and relationships of cach word
within each plrase. The outpat 205 of the accommodator as shown is i a human readable

form in vontrast fo tree-style output of vartous prior systems.  The onginal sequence of the
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wmput words 1s preserved and the relationships, types, tags, cte. are stmple to vigw,

Ward Tagger Methadology

Congrary o all priov-art word ageers, present word tagger does nod use any of maching
learning techniques and contains only human-written dismmbiguation rules.

Word taggers rules are described by a language resembling well-known regular expressions,
which is s;:emprehensibie and casy to change for human operators. Hence, the process of
changes s relatively fast, especially i compatison to the prior-ant machine leaming based

algorithms.

A set of reles 13 divided mito two groups {reforred (o herein as “exact group” and Vinexact

growyp’ & with different usages within the tagging algoriths
along with different ithin the tagging algonithm,

e

Contrary to machine learning approaches, present word tagger uses ity own dictionary ©
recognize words and assign all possible tags o theny It s proven that word taggers using
machine loarnmg fechniques achioves ngher accuracy for tageing known tokens (words) than
unknown. The term “known token™ means that token appeared m traming corpus af least
once. Differental m accuracy for known and unknown tokens is about 7-8% for good parsers

{see  for  example  hitpydnipastasford edupubsy/CICLne20 ! -mmmine-tageimy pdf

Embodiments of the presenfed word tagger allow now words te be added directly to the
referenced dictionary with all pessible tags. For example, “google” can be added with fags
related to woun as well as verb. The presemt word tagger contamns ndes respomsible for

resolving that kind of ambiguity, so 1t can astomatically handie that problem,

Word Tagger output

Proesent word fagger provides wiigue tagset.

Most important differences between present {agset and prior-art agsets:

10
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- The present tagset does not exclude pasticles as @ separate tag. The defimtion of
particle s vory meonsistent. Therefore, a distinction for adverbs and propositions is

preferred,

- The present lagset provides distinction for preposmtons and  subordinating

comanctions.

For determiners, the prosent fagset provides distinetion for adjectival and prononioal

function.

For pronouns, the present tagset provides distinction for relative and interrogative

function.
Fhe process of the word tagger

The inpt to the word tagyer 203 consists of plain text. The text can come from any source
such as article, document, user generated content and any other source. Refarmng to Figure
5, o word tagging process according to an cmbodiment is lustrated. In an embodiment, the
mput 1o the word tagger eloment 103A is text that 18 wkenized o sentences and words by
preceding cloments tokenizer 203A1 and senfence divider 203A2. A dictionary 302 is
accessed to find words with possibie tags. All possible tags are assigned to cach word (5043,
The words assigned with all possible tags ave input to a dehomonynuzer 5306 which resolves

aminiguities {i.e. situations m which for one word there is more than one possible matching
tag). The dehomonymizer 306 operates using exact rules 308 and inexact rules 316 as further
deseribed helow.  After ambigoities (f anv) are resolved, tageed text 512 s output by the
word tagger 203, The word tagger outpwt congists of text tokenized into senmtonces and

words, cach of which has assigned exactly one tag.

Exact rules 508 and inexact rules 510 are two groups of rules. Each rule examines the
context of a word with an ambiguous tag (that is, more than one possible tag). Such context

is not mited or restricied; it can address any olement of the text, n both divections at the

11
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same time. This is a range aspeet of the chumed invention desenibing the facility to aceess or

examine any clement of the text before or after an ambiguous element, without lmit.

Anather aspeet of the word tagger 2034 is the mumwer of exprossion enploved. In ovder to
examing the contoxt of a word, nules peraut the creation of patterns and sub-patterns which

address words and/or their tags and which can be subject to following operations:

. conditionality {for single element or subpatiern} {corresponding 1o 77 regudar

CAPTESSIOn opevator),

. alternatives(for single clement or subpatern) (corresponding to 7 regular

CXPICSSION OpPRTator),

. repetition (for single clement or subpattern} {comresponding to .+ and | JF7

regular expression operator),

* negatton {for single clomont or subpattem} {corresponding to 07 reculae
8 & ; } g N &

EXpPrEssion operator).

This form of rules expands their expressiveness in comparison to prior static leok-ups and
ranges {anext word 15 ..., there 18 a .. word i range of 3 words before” ate) This in offect

altows better deseription of sifuations m which 3 given nide should apply.

In an embodiment, the rules are applied separately for cach sentence according to following

atgorithm:

1. Stop algorithm at any point when there s no ambiginty left in cuwrrant sentence.

P

. For all ambiguous words try to apply all exact rules in proper order.

3. Apply inexact reles wnii any i met. Go to siep 2.

Methodology of improving the word fagger and resolving excepiions

12
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Figure 6 15 a flow dingram illustrating s mrethod 600 of improving the word tagger or
mudifying the word fagger as exceptions cecur according to an cmbodimont.  Excoptions

mchude fatlure of the word tagger to tag an element of nput text.

At 602 an exception indication is recetved withinn the system 202, It s determined  which
word caused the exception (604). The mdicated word 15 scarched for in the dictionary 502
{6063, I the word is not i the dictionary, 1t is added to the dictionary at 808, then cheek if
there Is an existing sct of {ags for the word 612 - if so check if the problem s solved 618, if
not - create g new set of rules for the now set of tags 614 and then check if the problem is

solved 613,

If, after checking 606, the word i 1n the dictionary, #t 8 determined which rule 1s responsible
for the exception, and the responsible rude s edited or 8 now rale 15 added 610, In an
embodiment, the editing is performed by a person.  In another embodiment, the editing s

performed by a machine according to a separate rule-making slgonithm,

If the exception is resolved {at 618), the process ends. I the exception is not resobved, the

Process rekans 1o 604 to examine which word caused the exception.

The above methodology of resolving exceptions to the system may become an automated

PIOCes.

Clause divider methodology

Reforring to Figure 4, the LI 203 includes a predicate finder 2038 and a clause divider
HI3C, The output of the word tagger 203A is recetved by the predicate finder 3R,
Predicate s understood here ag a function over arguments, Lo i consists of a mam verb
grouped with other verb components ke modals, auxiliaries, negations and particles,
contrary to traditional approach where predicate also contains other sentence clements tike

objects, predicative expressions and adpmcts. Predicate finders 2038 can mnclude any of the

13
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known predicate finder methods. The output of the predicate finder 03B 15 recoived by the
clause divider 203C which performs a clause divider methodology according to

enthodiments,

Embodiments of the elause divider 203C comprises an algorithm emulating human reasoning
hehind dividing text nto clauses. To this end, a sequential approach is employed rather than
applving pattoms to an ontire sentence.  In effect, collections of one or more words {scraps)
are sequentially considered (which is similar to what 2 haman actaally does while hearing or
reading a sentence) and an atfempt s made to assign each serap to build a clause | on the fiy”
constantly trying and rejecting different alicrnatives.  This approach simplifies aspects of
language decoding, such as handling of nested relative clauses and facilitates the creation of

simpler and mote acomate rules than those based on paticrns,

Ontput of the clanse divider

According to embodiments, the clause divider provides division for clauses. Clauses can
possess at the most one predicate {either finite or non-finite like infinitives, participles and
gerundsy and all of it avguments. LD provides connections between clauses based on eriteria
concerning theirr function fowards thelr supertors. Clauses can be connected directly or
through the nodes. Nodes are sentence clements provided to comnecting clauses, e.g
coordinating or subordinating conjunctions. LD provides wmigue classifications of clauses
which correspond o the LD system 202 classification of phrases.  Maln clauses are
distinguished. Other clauses can function as subjocts, objects, complements and attributes,

and therefore those can be labeled with proper function name (e g attribute clause).

In an embodiment, the clause divider includes at Teast the following characteristics:

With reference to one of the current, typical dependency parsers:

1. Embodiments provide imphcit division into clauses. In referenced parser, derivation from

the relations structure 1s reqaived.

14



WO 2014/071330 PCT/US2013/068360

2. Coordinating wodes {elemoents comnecting two coordinated clavses (eg. “and”, “bul”, “or™)
are distinguished by embodiments. Referenced parser does not provide a distinction between
a relation connecting two coordinated clauses and a relation comnecting two coordinated
phrases or words. In additon, clements comnecting a subordinated clause to its superior
clause {eg “which”, “after”, “when”} are distinguished by embodiments.  In typical
dependency parscr the main connection holds between two verbs representing the clauses;

henee the equivalent of a subordinate node has to be connected with a proper verb,

3. In the clause divider 203C, classification is based on different oriteria (than i the typical
dependency parser’ and in consequenes not every type from one classification 15 squivalent

1o a subset of the tvpes of the other classifieation {although tn 2 number of situations 1t is),

4. Types of clagses n the LD 202 are eguivalent o types of phrases, making the LD svstem
202 more coherent in comparison to the typical parser. For example, some of referenced
parser’s relations corresponding to clavse types are common with those for phrases andior

wirds,

With reference o one of the current, typical constitaency parsers:

1. Typieal comstitiency parser provides classification that is based on criteria concerning
grammatical construction. This s in sharp contrast to the clause divider 203C, whose criteria
is based on a clause’s function towards its superior.  In effect every type from one
classification can match abmost any type from the other, depending on the particular situation.
2. The LD 202 treats nodes comncoting clauses {eg “and”, “bat”, “whieh”, “after™) as
separafe clements on a clavsse level, whereas the referenced parser includes them into the

following clause.

The process of the clause divider

Figure 7 is a diagram showing clements of a classe divider 203C and various tasks

performed by the clause divider 2030, Generally, the clause divider input is text divided into
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sentences and tokenized xto words, along with their tags as assigned by word tagger 203A
Cramunatical information for cach sentence is provided by predicate finder 2038, The tagped
word mput is received by a scrapper clement or module 702, The scrapper 702 groups the
tageed words into scraps, which are groups of one or more words that are strictly connected,

L

but do not necessarily from a phrase.

More precisely, a sorap is 3 maximal set of words that will certaindy form & phrase cithey by
gself or alg with some other serap(s).  That is, if two cloments are able o form tee
separate phrases, but this 13 not evident at the point of creating scraps, they become separate
seraps. There s an cxception 1o the foregomng. Specifically, prepositions are jomed in scraps
with following noun phrases in prineiple, despite the fact that they will Iater be divided into

two separate phrases,

At 804, the clause divider MB3C makes a prelivunary estimate of which scraps are the
strongest candidates to mwoduce a now clause (that is, which scraps are responsible for
dividing the semtence nto classes. The output of the prelimmary estimate process 704 is
recetved by a main divider engine 706, which ncludes a scrap dispateher and a correctness
evaluator, The scrap dispatcher assiums scraps to appropnate clauses. In an embodiment, this
sssignment is based on constant inferaction between the serap dispatcher and the correctness
evahsator. The correctness evaluator evaluates the decision niade by the scrap dispatcher by
determimng whether the deciston generated a correct clause or not. The output of the main
divider engine 706 is received by a nodes exiraction process 708, This process extracts nodes
as sepavate clements on a clause fevel. Relationships between clauses are established by a
clause conmection detection process 710, Clause tvpes are detected (e.g subject, object,
complement} by a clause type classification process 7120 The output 714 of the clause
divider s text divided into sentences and clagses, which contain words {along with their tags
from the word taggen) groaped into scraps. The grouping serves only as an aid in prior and
subsequent processes and is not itself a crucial element of the outpat. The words can alse be
considered as assigned direetly to clauses. Moreover cach clause has 1is proper grammatical

nformation assigned, along with type and comnection to 118 superior clause.
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Figures 9-14 are diagrams ilustrating a process of the clause divider 203C module secording
o an cmbodiment. Referring to Figure 9, the input to the clause divider module 203 is the
sentence “The man | saw {ast night became nwy friend.” with all words tokenized and tagged
by the Word Tagger 203A module and with predicates grouped and distingoished by the
Predicate Finder 203B modele. Scrapper 702 groaps words imto scraps. For example,
determiners are joined with nouns, henee “the man™ becomes one scrap (analogous with “my
friend”). Referning to Figure 10, the preliminary estumation of dividing scraps 704 begms
from the last word of a sentence. Predicate “became™ 1s found and added to the predicate
stack. Analogous with next predicate “saw™. The miroduction of dependent clause is detected
and therefore predicate “saw™ is removed from the top of predicate stack. The first word is
reached and the preliminary estimation ends. Referring to Figare 11 the main divider engine
T sequentially tries (o assign seraps to clauses. First scrap “the man™ is assigned to the first

15 asstened to the second classe of

o

clause of tewporary stack by defaslt. Sceond scrap T
temporary stack, because the mtroduction of dependent clause was detected between the first
two seraps. Scrap Csaw” is assigned 1o the sccond clause of temporary stack. Reforring to
Figwre 12 the main divider engine 706 assigns the serap “last night™ to the second clause of
temporary stack. Once the sorap “became” i reached, the clause from the top of the
temporary stack 1s considered as closed, because “beeame™ is a predicate serap and the clause
already possess a predicate scrap Msaw”. Hence the clause s moved to the final stack and
“became” is added to the top clawse of the terpovary stack. The sceap “my friend™ is added to
the top clause of the temporary stack. Because all of the seraps were processed, all clauses
from temporary stack are moved o the final stack and the process of assigning scraps ends.
Referring to the Figure 13 nodes are exwracted. In the considered example there ave no scraps
that fumebion ax nodes, hemwe the process leaves the clause opalicred. ARterwards the
comections of clauses are detected. Because the clause ™1 saw last night™ is interjected right
after NP scrap, we consider it dependent clause and hence determine connection from it o
“The man became my friend” clavse. Morcover in this stiuation connection between clause ©1
saw fast mght™ and phrase “The man” is established. The clause connection detection ends.
Referring to Figure 14 the clause “The man became my fend” has no connection to superior
clause hence it obtains “main” type. The claase T saw fast night™ is connected to superior

clause and to superior phrase as well, thus it obtains “comploment™ type, The process of the
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Clause Divider 203C ends and retums cotpud composed of sentence “The man 1 saw last

[

pight beeame my friend” which contains twe clauses: “The man became sy fuiend”™ and

saw fast night” along with thew types, comections and respective seraps.
Methodology of improving the clause divider 203C and resolving exceptions

By analyzing cases of wrong divisions, connecbions and types if clauses or adjusting the

clavse divider 203C o different type of content one can dectde whether o

~ add or modity new divider candidates.

- add or modify rudes in choosing possible alternative divisions.

- add or modify rules 1n comreciness evaluation.

This provides flexibility and continuons improvement for different types of input context.

Figare 8 is g flow diagram Hustrating method 800 of lnywoving the clause divider or
modifving the clagse dividor ay exceptions ocawr according to an embodiment. Excoptions
include fathure of the clause divider to divide clauses or defermome the proper type or

comnection of the clavses.

AU 802 an exception indication is received within the system 2020 It is determined i the
clause 1s corvectly divided (R0:4). I not, it is determined if clause dividing scraps were chosen
correctly {806). I not, a new candidate v added or the rules responsible for choice are

changed {80%).

After the changes (808} or in case if it was deternuned, that the dividing scraps were chosen
correctly (806}, it is determined ¥ soraps were comectly distributed o clauses (8143 If noy,

serap dispateher or correctiness evaluator rules are adjusted (814).

After the changes in rules of scrap dispatcher or correciness ovatuator (814}, or i case if #

was earlier deternuned that either seraps were correctly distributed to clauses (8103 or clause
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s correctly divided (B08), i 15 determined if connections betweon clauses are correct {812 If

not, the rules governing connection determination are adjusted (R16).

After adjusting the determingtion yules (8163 or if the connections bopweoen clauses wore
determined as correet (812}, it 15 deternuned i the clause classifisction is corvect (818, I
ves, the process ends. Otherwise the clause classification rules ave adjusted (83,

The above methodology of reselving exceptions to the system may become an avtomated

Proees.,

Accomadator methodology

Referring brictly 1o Figore 4, the ocutput of clause divider 203C s recoived by an
accomodator modufe 203D, Figure 16 is a block diagram of an accomodator module 203D
architecture according to an embodiment. In an embodiment, the accomodator 203D uses &
set of types of phrases {corregponding to simple grammatical types sach as predicate, subject,
ohjeet, comploment ete.). The accomodator cmplovs a scquential algorithim, which in enc
embodiment is based on hand-written rules, but embodiments are not so limited.  Maintaining
control over rules and having the ability to modify and add rules to the system at will enables
the LD 203 to work properly on different kinds of domains (or langiage contexis) at the same
time. This tight control over rules and the adaptability of the rules also provides the abnlity o
handle new domamns while avowding any distortion m the onginal or prior domain(s). A
separate sewantic database i reforcnced to rosolve ambiguitics with connections (cg., &
semantic n-gram database 16033 In addition, the accomodator 203D module yses a method
for determiming connections between phrases (the "™ tost desenibed below with reference to

Figure 17},

The accomodator 203D receives words grouped into scraps and further nto clavses {along
with comections and types).  In other embodiments the accomodator is based on words

grouped directly into clauses. A phrase creator module 1602 detects boundanes of every
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phrase. Then a phrase conncction detection module 1604 detects conncctions betwoeen
phrases relving on g semantic n-gram database 1603, A phrase type classification module
1606 denotes tvpes for cach phrase in every clause it a sentenice. Then a word component

clagsification module 1608 assigns components to cach word within all of the phrases.

Finally, a word connection detection module 1610 detects connections between each word

within a phrase.

The accomodator 203D outpat 1612 consists of words grouped into phrases, which are
further grouped mto clauses. The phrases and words have proper connections and fypes
asstgned.  In an embodiment the accomodator 203D output 18 the final output of the LD
systean 203, or LI output APL 208 as shown in Figwre 40 As further described in other parts
of this docwment, the output i5 useable by many other systems via APls or other
programming tools or imterfaces. In an embodiment, types of the phrases are determined after
the connections; they are evahwated on the basis of the contained words {(along with thew
tags), types of the scraps from which a pluase comes, and types of scraps from which
comnected phrases come.  Although it bas proved efficient and acourate to first connect the

phrases and classify them afterward, s just as viable to do w the other way aroand.

An advantage of the accomodator over prior modaeles that perform analogous tasks s that the
accomodator 2038 method determimes comections between phrases and therr grammatical
functions i way that s simifar o the way in which a human processes language. The
accomodator 203D sequentialty considers separate scraps, and chooses, for a set of syntactic
possibilities, the one that semantically makes most sense. In an embodiment this is achieved
m part though using a database 1603 containing n-grams {representing these syntactic
possibilities) along with the quantity of thewr occurrence in a large corpus.  Ambiguities in
mterpretation are abways reduced to a set of synfacte possibnhies consisting of a few
elements and are then solved on a semantie basis. The result 1s simple and muative for a
human to enderstand. Thas, @ baman can readily sée and snderstand the decistons the LD
203 makes and, when appropriate, correct s nustakes by modifying rules so that the system

is continaally improved.
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The accomodator emplovs an wiambiguous criterion for detormining conncctions between
phrases, which causes ifs performance to be reliable and its output to be easily understood by
humans, This allows the cutpig of the LD 203 to be motre readily incorporated mto other
existing language applications and their respective rules. As an example, to deternune the
connection between certain prepositional phrases, the accomodator employs the so-called “1t”
test, which is illustrated in Figure 17, An “it" algorithm according to an cmbodiment is
based on an implementation of the “#” test aided by the semantic n-gram database 1603,
Referring to the example of Figure 17, consider the sentence {consisting of one clause) ™
recommend coffee with sweetencr for vour father.™ To detormine f a given clase element is
superior, it is replaced with “it”, If the origmal meaning of the seatence is not preserved, the
replaced element 1s indeed the superior element. Otherwise, the replaced element 1s not the
superior element. As shown, for this clause, it is determined that “coffee” 18 a soperior

By

phrase to prepositional phrase ™ with sweetener™.

Figures 18-23 are diagrams illustrating a process of the accomodator 2030 moedale according
o an embodiment. Referning o Figure 18, the input to the accomodator module 203D is the

entence “Construction worker bought coffee with milk and cigarettes.”™ Phrases are oreated

&

by mainor manipudation of scraps, such as mergmg, dividing and changing the tvpe of scraps.
Then plwases are connected.  In this instimee, “construction worker™ s first connected 1o a
predicate because of its position.  The “constraction worker” pbrase is added to a stack of
phvases. In an embodiment, ondy NP and P phrases can be added o the stack. Refermring to
Figure 19, and continuing phrase conncetion, the predicate “bought™ 13 by default connected
o the root. The “construction worker” please is removed from the stack because of the
appearance of the predicate. Then “coffee™ is comnected 1o the predicate because of noun-
verbal proximity, and this phrase is put on the stack. In the following operaton, two
sttuations are considered. Exther “with™ connects the phrase on the right with one from the
top of the stack, or “with” counects the plwase on the right with the predicate. The first
sobution 1s better semantically, therefore this one s selected. Next, “milk™ is connected to the
“with” beeause #t stands munediately after a preposttion, and “with pulk”™ 15 added to the
stack, Referring to Figure 20 and contimuing with phrase defection, two further situations are

considered. “And™ links the phrase on the right with one of the phrases from the stack: either
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“voffer and cigarcttes™ or Ywith milk and cigarcties™. These two pairs force the following
semantic relationships: “bought cigareties™ and “coffer with cigarettes”, respectively, The
first makes more sense semantically, therefore it is chosen, and it takes over the connection to
“hought™ from “coffee™ and buks it o ftself. "Cigarettes”™ s then connected to the “and”™

phrase beeause it stands immediately after a ON {connector) phrase.

B

Reforring to Figwre 21, the phrases are then classified. The "Constroction worker” phrase

gets SUBJECT for it type because of #s position and connection o the predicate. The

3

predicate phrase type was assigned carlior by the clause divider madule 203C. The “coffee’
phrase gets OBJECT for its fvpe because of its posstion and relationship to the predicate. The
“with” scrap type is changed o a PREPOSITION phrase type, Retorring to Figwee 22, the

classification of plwases continues. The “milk™ phrase gots ATTRIBUTE for its type because

of its relationship to a preposition phrase. “And” gets CONNECTOR for #is type becanse it
links other phrases. “Cligarettes” gets OBIECT for its tvpe because of its relationship o a

particalar connector.

The noxt operation is word categorization.  The word “construction” gets a specifier
component because 14 15 a noun specifying a phrase core,  Reforring to Figure 23, word
catcgorization continues.  The vest of the words i the sentence are classified as core
components because they are single withun corresponding phrases and are not modifying any
other phrases.  Next, words are connected within phrases.  All specifving words are
connected to the core of the respectve phyase.  Other words 1o the sentence are not

considered here because they are single within their corresponding phrases.

Methodology of improving accomodator and resolving exceptions

Figure 15 is a fow diagram illustrating method 1300 of mmproving the accomodator or
mudifyving the accomodator as exceptions ocgur according to an embodiment. Exceptions
mclude wrong detection of phrase boundanies ov fathee of deternuning type of phrase or ifs

connection.
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At 15302 an excoption indication 15 reecived within the system 202, It s dotermined if the
phrase s bailt corvectly {1504}, If not, 1t is dotermined if the problem results from phrase
creator (153406). I so, the nules of creating phrases are adpusted (1308}, If it was determined
that the problem of wrongly built phrase does not reselt from phrase creator {15063,
deternine if the problem results from scraps (15310}, If so, vepair scrapper engine (1514). If
the scrapper engine was repaired {1514), the nules of creating phrases were adjusted {130%) or
if 1t was deternuned that the problem does not result from seraps (1310) or that the phrase
was built correctly {1504}, 1t 15 determmed if the connections of the phrases are correct
{1312 If no, the connection rales are changed or the semantic n-gram database 5 edited
{1518}, After these changes (1518) or #f the comnection between phrases is determined as
correct {15123, #t 18 determined if the type of the phrase is corvect {1520}, If o, the process

ends. Otherwise the rules for determining type of phrase are adjusted {1522).

The above methodology of resolving exceptions to the svstom may become an automated

PTOCes,

Methodology for improving Langnage Decoder anid rexolving exceptions

Figure 24 15 a flow diagram ilustrating method 2400 of improving the Language Decoder or
modifying the Language Decoder as exceptions occur according to an embodiment.
Exceptions wclude fathue of the Language Decoder on any levelr tokemization, sentence

division, word fagging, predicate finder, clayse divider or accomodator,
At 2402 an exception indication is received within the system XX, R is determined if the
mput text is correctly tokenized (2404). If not, adding or changing existing rules in tokenizer

1s performed {2408).

After the changes (2408) or in case if it 15 determined, that text 15 correctly divided into
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sentences (2406), If not, adding or changing existing rules In sentence divider 1s performed

{24123

After the changes (2412) or in case if it s determined. that word tagger worked conrectly

{2410}, Hnot, word tagger exception resolving process is started {600).

Bl

After the changes (600} or m case i 1 18 determined, that predicate finder worked covrectly

{2414}, If not, adding or changing existing rules m predicate finder is performed (24203,

Afier the changes (2420) or in case if it is deternuned, that clause divider worked correctly

{24 18). If not, clause divider exception resolving process is started (80(),

After the changes {(800) or in case if it is determined, that accommuodator worked comectly

{2422}, i not, acconumadator exception resolving process is started (15060).

The above methodology of resalving cxceptions fo the svstom may becoime an autonated

PrOCCSS,

LI} owtput as a threelevel framework of nfovaation interface

The output of the LT module 203 iz a three-lovel framework of storing information (words,
plwases and clauses). The three-level structare enables cfficient orgameation of mformation,

Embodiments of a three-level LD output framework capture a maxinam amount of the
infornmation coded nto text while maintaning the simplest possible structure for easy access.
The first step was to design efficient framework for storing information and then using only
algorithms writien by hursans {no machine leaming techniques and corpus} to decode the
information from any given iext. The output of the LD thus convevs the logical structure of

nformation stored m text, along with the granwmatical structure.
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The three-level LD output structure s compositional and predictable and consist of a
relatively small number of clements on cach level. Having a nunimal sef of components and
relations speeds up the learming process, simplifies writing extraction rules, and can redace
chanees of miscategorization. The oatput of the 1D s effectively an easy-to-access interface

standardizing the information coded into nateral fangoage.

o)

Description of the threelevel framerwork

A three-level stractare cousisting of word-level, phrase-level and clause-level stores the
nformation coded 1 text. The LD 203 is a theee-level structure, invaniant of the text
processed through the system. The text could be short, simple sentences written in proper
grammar, short non-proper gramumar Iwiter content or long NON-Proper Srammar reviews.
This contrasty with prior systems, i which the parameters are responsible for attributes and
the structure at the same time, whach can produce varymyg resudts depending on the context of

some fragment of text.
In an example from BACKGROUND section:
i Jak likes math.
2 ok likes to learn,
3udobe ke learning math by the evening.

When using LD parser in cach case ane gets consistent notation for the object which John
ikes, In the fost example ,math” 15 an object, i the sccond oxample Lo fcam™ is object
clause {#s role is the same, but on different lovel) and in the thurd exarople "learmung math
the evening” is also an object clause. This approach allows to separate granwnatical layer
from logical laver, so that a single role can cover many different syntactic stroctares of the

SOTHENCE,
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As a result information exiraction rules written on {op of tw LD are officicnt. Fower rales

need to be written to capturs more information, and the information is less ambiguous.

Figure 23 is o disgram of a threo-lovel cutput stmctwe for LD 203 according @ an
gmbodiment.  In an embodiment 3 word is a minimal wut of information, Combinations of
words {possibly also one-clement) form a reference to some entity, concept, action ete, The
word's meaning can only be understood i context of the phrase to which it belongs and this
i desceribed in the LD by a word component.  The connection further indicates which other
word tnside the phrase is directly concemned by the role of the former. In an embodiment, a
phrase is a group of words which acts a3 a single unit reforring to some entity, sction cte. A
combination of phrases n 3 clause can produce a mintmal statemient that can be part of 8
more elaborate message.. The internal meanmy of a clause (neglecting its contoxt, which is
managed by clause level) 1s determined by contained phrases and their selations. The role of
given phrase in the clause s represented in the LD by the phrase type and the connection

mdicates to which other phrase this type relates.

I an embodiment, a clause s a group of phrases that form a single minimal statement. Its
internal meaning can be analyzed separately {and dus is done by the LD on a phease fevel),
bat only ifs context in combination with other clauses can kead to wnderstanding the text and
its meamng. Thas is caused by the fact that the original, iteral mcamng of the clawse is often
significantly altered by its relation fowards some other clauses. The LD provides such

mformation ahout relations between clauses as well as thelr functions in the whole utterance.

The three-level framework consists of clements on each lovel and allows for the addition of
favers stonny new kinds of information. This 3-lovel structare allows to ntegrate the decoded
mfproation with semamtic databases (e.g. freebase™, wordnet™), ontologies, faxonomies in
order o add additional semantic information into exasting components on the phrase gandior

word level,

The clause level has additional layer of information about the tense {e.g. present simple, past

simple} and constraction {e.g. positive, nogative, guestion). In embodiment, different lavers
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of information are kept scparate for several reasons. Layers of abstraction can be gasily
formed by combining only the relevant types of information and ignoning the other {o.g if
one needs only information about phrases division and not thair types). 1t is possible to add
other, new layers {e.g. coreference) in addiion to the existing ones withowt distorting the

already present information thanks to the separation of layers,

The theee level framowork can be seon and treated as an interface for information extraction
from text. The iformation can be coded into differcnt fayers of the text. For example, mn
"He owns that red car” the iformation about the car 1s described as "red” on the word level.
I "The boy threw that ball” the mformation about which object was thrown 1s coded on a
phrase level In "It started to rain after we got home" the circiamstances gre stoved on the
clause fevell 1t s also possible to include higher fovels on whuch the information can be
stored, e.g. the causation can be seen as pattern of clauses connected with certain nodes {"{If]
vou cat too mmch chocolate {then yowr stomach will hunat™), therefore the information i
coded ito higher level than classe. Likewise # is possible to inclade vet higher levels,
building patterns on top of other patterns.  The three-level framework of the LD output
reflects that natural division of imformation into separate fevels and provide fundaments for

creating higher fevel patterns o captare information store mn multiple sentences.

Language Decoder (eery Language
1. General deserption and purpose

LDQL 204 15 a declarative, domain-specific guerying language for text-structuring NLP
systems outputs’ information extraction. It is based on first-order predicate caloalus and

criables users to prodefine thelr own formulas (Including recurstve definttions).

LDQL 204 quertes can express a wide range of actions - from simple hsting all subjects to

actions as complicated as ¢.g. finding opinions about people.
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LDGL 204 quories have SQL-like syntax, which s relatively casy to write and read for
human operator, and does aod require Boguiste knowledge from them. The queries can be

p=d

also created sutomatically, which is described below,

Our implementation of LDQL 204 15 optimized for Language Decoder, however LDQL 204
can alse be implemented for other fext-structuring NLP systeros, ez Stanford Parser or

Tilinois SR

1t 1s possible {e.g. with'the use of LD 283 and LDQL 204) to formutate guenies i naturgl

language, and then translate them wo fhighdevel] LDQL 204 quernies.

2. LDOL 1n comparison to other query languages

Therve are some priov-art query langoages which were used for NLP {o.g. Prolog, SPARQL,

IQLY. As compared with tham, LDOL 204 has some unigue features:

- it was destgned for querying NLP parsers” output: it's types and relations reflect 3-fevel

mformation structare, regardliess of particular parser’s output structure,
-1t is based on full first-order predicate calealus,

- psers oan define thewr own formulas (ncleding recursive ones) within the langeage, and use

them in queries, or other defimtions.

LDOL 204 queries have SQL-like svatax: a SELECT section contamning goals of extraction,
an optional FROM section for fixing the search range {scarch by clauses, sentences, or whole
text at once), and an optional WHERE section, containing restrictions on extracted objects in
the form of {syntactically sugared) Sirst-order formulas, where the vanable's range over 3-

level structure of words, phrases and clauses (repardless of particular parser's outpat

structure).
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E.g. to extract pawrs of subjeot-predicate phrases from given text we could use the following

LDQL 204 query:

SELECT Prsub AS Acor,
Pprd AS Action
FROM clauses
WHERE sub.phrase_tyvpe='subject’
AND prd phyase_type='predicaie’

AND sub->prd

LDQL's orfentation towards formuda composition encowages asers to building new formudas
out of previowsly defined ones, which we consider cracial in dealing with natural lanmuage's

complexity; for example instead of the following pair of queries:

SELECT Pix Py
WHERE x.phyase_tvpe='subject’
AND v phease_type='objeet’
AN x.phrase core base="crocodile’
AND EXISTS Pur (2 phrase_type=pradicate’
AN x-mx

AND vy

SELECT Prg.Pow
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WHERE q.plwase_type='subject’
AND woplwase typeobect
AN wphrase_corebase=lapdy
AND BEXINTS Pur (2. phrase_type="predicaie’
AND gz

AND w-wz)

We would rather abstract the common pattern for finding "subject->predicatec-object”

COMNECHon

DEFINE subobj_comnection(Pis. o) AS
s.pheiase_type=salject’
ANTY o.phrase_type=object’
AND EXISTS Pop ippbrase_type=predicate
AND 5->p
AND o->p}
SELECT B Py
WHERE xphrase core base='crocodife” AND subobi_comection{s. vy,
SELECT Pix Py

X

WHERE v phease_core_base="lamby’ AND subobj_connectionix,y)
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which makes the queries more "gramdar™, and thus casy 1o mintain (in analogy with
subroutings in imperative programaung languages),

As far as we're concerned, this is the first use of full Srst-order query language for
wnstructured toxt information extraction. The prescoce of EXISTS quantifier {in addition ©
the Boolean connectives AND, OR and NOT present in e.g. SQL., Prolog or — in sonme flavor
- SPARQL) with the ability 1o wnite recursive formala definitions mades LDQE 204
expressively stronger formahsm than o.p. pure SQL, Prolog or even SPARQL (which seems
to have some guantification constructs, but no recwsive formula defimtions), An example
benefit of having such an expressive power {also present in ¢.g. Gadel, or — mdireetly ~

Cypher, or any imperative language hike Java} is the ability to describe closwres of relations:

suppose we would like to know whether two phrases are linked by a sequence of one or more

"™ connections. In LDOQL 204 we cowdd simply write recurstye formula:

DEFINE linked(Pix Pivy AS

xl=y

AND (x-~»y

OR EXISTS Pur {2!=x

AND zt=y
AND x-=z
AN NOT z->x

AND Hiked{z D)

Which literally reads "y and v are finked if x> or x>z for some z, such that £ i Hinked with
¥~ notice the circularity (recwrsion). Because of LDOQU's expressive strength, some
measures need to be taken to avoid infinite evaluations (the "x->2 AND NOT 2->x" and

“rlmx AND zl=y" restrictions).
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3, Merging LDOQL with extomnal systems

LDOL 204 coudd be implemented to eperate on the outputof any NLP toxt-stiichaing
system (e.g. Stanford Pavser), provided that the poplementation will contain accessors to

attributes that given system offers.

LDQL 204 can be connected to external semantic bases {e.g. Frochase, Wordnet), fexical data

bascs (c.z. Wordnet), domain-specific data bases, ontologios, word banks, taxonmuies, ¢lc. in

order o support # with more semantic content.

LDPQL 264 rudes can be hand-written, generated automatically or semi-automatically by
either connecting LDQL 204 to somwrces of semantic content (as above), or by machme
learning means {in case of LD's outpet 1t is possibie to extract common stractures out of
annotated text corpora by means of unification heursstics or ¢.g. Koza's genetic
progranmuming), or both, or generated senv~automatically by merging any of the methods

mentioned.

4, LDQL implerneniation

The LDOQL 204 implementation for LD 203 consists of three modudes: parser, optimizer and

compiler, as shows onfig 35

The parser modale 3508 processes text of LDOL seript 3502 (e, list of definitions 3304 and

qeerics 3506) in order to produce #'s abstract representation.

The optimizer module 3510 takes the parser’s outpat and performs additional annotations to

gude compiler,

The compiler module 3512 takes annotated abstract representation and generates a
phpic/some-imperative-language output program 3514 which, given valid NLP parser output

103 returns the query's results 3516 for that output.

32



WO 2014/071330 PCT/US2013/068360

Figwre 27 & a diagram llustrating a process of information extraction from plan text
sccording 0 an codboduncnt. This s an cxanple of what is achioved by a software
apphication {generally an example of a software application 106} writfen to apply LDQL 204
rules for a specific purpose of extracting information from multiple plamy text onling reviews.
The put text “The chicken in this restagrant is very delicions and the masic s awful! [ eant
fo say the sea view is awesome!” is operated on by LD 203, which outpats {2702 the
sentences iy the form of naked AP 205, which as previously described mamntains the onginal
word sequence.  Previowsly chosen LDQL rales are applied {2704) o the output of the LD
process, and the result is a two-coluimn fable {(subject and complomenty 2706 that Hsis the soa
view 18 awesome, the chicken is vory delicious, and the music s awful, This tabulated output

is easily accessed for further operations,

With using ouwtput of Language Decoder it is possible to bwld language wnderstanding
apphications or Janguage understanding engines. It can be done by applying ontop of LD one
or more of the following: LDOQL nides, raw code (e.g. PHP, Java, (4, NET, C++), machine

learning algorithos (supervised ov unsupervised).

Usage of Language Decoder

Language Decoder is the component techmology for building apphication in many areas

wcluding (but not hnuted to);

- Information Extraction

- Sentiment Analysis and Extraction
- Event and Relationship bxtraction
- Opiion Mining

- Text Mining

~ Docwment indexing
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- Text Summanzation/curation of information
- Speech processing

- Question& Answering

- Text proofing

- Translations

- Natgral Language Scarch/Structured Search
~ Quiery expansion

~ Automated scoring (essay scoring}

Language Decoder may be used 1o process any tvpe of foxts meluding (but not mited to):

- User generated contont,

- Social media content, microblogging (e.g. twitter)

- Reviews {¢.g. roview sites content, websites, wikipedia, ot}
- Formal language documents

- Articles and nows

- Biomuodical free toxt

~ Research papers

System butlt on fop of language docoder can ropresent many domams including {(but net

Linuted to):

- Big data

- Customer feedback analytics

- Social listening ¢ sentiment analytics
- Email analvsis

~ Text Analytics

~ Sewrch

- Yoice Search
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- Adbvertising
- Predictive Analyvtics
- Google Glasses and other asgmented reality devices

- Voice interface

Information extraction example: Knowledge Browser

Bubble vwiualization i a concept of showing muli-level stracture of knowledge
representation (LDQL extracted) in a form of clickable bubbles.

This representation can vary n size, color and position of bubbles representing frequency and
addwtional propertics {(for example, color palette can represent polarity of detected object
sentiments),

This multilevel approach allows to browse (e.g. zoom in or zoom out} through swmmarized
knowledge encoded in analysed text, which can help to understand wider context along with

more exact properies of extracted data.

This concept does nof resirict data to be in specific format or order, pairs {abject ~ opinion),
giplets, quadraples {sagpestion, aim, suggestion modifier, aim wodifier) and nany more we
suitable here. Also additional categorization can be apphed on top of extracted data o
mprove knowledge integrity and onderstandmy. it can be achieved i multiple ways, starting

from applying external lexicons ov semantic databases {o.g. Freebase, FrameNet), through

tsman made categorization to even logical correlations.

Bubble wvisualization concept is wsed I the imformation extraction example application

described below,

Figures 28-34 dlustrate a user interface of a knowledge browser application.  In this example,
the knowledge browser is for San Francisco restaurants, but any other subject matter is
possible.  The knowledge browser is an ombodiment of an application 106 that can help

poople o make guickly learn, what they want to know about San Francisvo restauranis. By
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suhInarizing some revicws abowt caterics to a very user-friendly form of so-called bubbles,
gsers can browse through multiple food-oriented categonies and find exactly what people said
about particular aspects of thelr experiences in restaurants.  The knowledge browser
application tustrates some of the possibilities for applying LDQL 204 rules 1o aser-written
reviews processed by the LD 204, The ndes used in this example are built to extract pairs of

enfities (objeet and related opinion) from user-generated reviews,

With reference to Figare 28, afler choosing a particudar restawant (by search inpg or by
clicking on one from a Hst of popular restawrants), the apphication displays a set of bubbles
grouped mto five chusters, The central adble of cach cluster vopresents a differemt meta-
category. Each meta-category has different sets of category bubbles attached to 1t This set

depends on what people wrote in reviews sbout chosen restaurant.

With reference to Figare 29, after chicking on category bubble, the appheation displays a set
of extracted objects attached to the chosen category (FOO i thus example). Bubbles can
differ in size and color 1o visually convey information. In this example, the size of a bubble
represents objeet frequency 1n processed user reviews. More frequent objects appear on
higger bubbles, The prosent example shows that people wrote more about mead and dish than
course or amonnt. The color of a bubble can vary from green through orange o red o
represent the sum of positive and negative opimions about the particular objeet. In the present
exampie object purfion has relatively more negative opintons than object bruwch so it 1s

closer to bemng red in color,

With reference to Figure 3, afier clicking on an object bubble, the application shows the set
of aptmions about the chosen object (pordon i this example). Bubbles can diffor n size and
color here as well, Here, the size of a bubble or radius represents opinion about the particalar
object frequency n processed aser reviews. In this example small portion appeared more
frequently m reviews than good pertion. The color of the opinion bubble 1s constramned to
three values: red, groen and grev. Red optinons are meant to be negative, green positive and

grey are freated as newtral.  In thiy example opinions about size of a portion are rather

36



WO 2014/071330 PCT/US2013/068360

negative {small, #iny, extremely smalll but opinions about general quality of portion are
certanly positive (goed, perfect, healiin.

Referring to Figure 31, double clicking on an opiniow bubble shows a goneral view of every

ohject, which was connected to the chosen opinion, Thas view gives a better msight into what
generally, despite categorization, was related to the chosen opinion {good in this example).

For example, the user can look up what was geod i the selected restausant. Bubbles showed

i this screen have the same propertics (color and size) as in provious seps.

Referring to Figure 32, a similar view can be obtained by clicking on a central category
bubble on the screen of Figure 28, This displays a graphic of a set of opinions about miy entive
category (FOOD in this example), which means that alf of those opinion babbles are related

fo some ohjects categorized as FOGD,

Referring to Figures 33 and 34, the appbication provides an option for comparing two
restaurants. By placing two instances of bubbles next to cach other, the user can browse
through categories and objects iIn one instance (representing  one  restauwrant)  and

simultaneously chotces are transferved to the second instance showing ditferences

Bubble size and bobble color are just oxamples of visual properties that can be used to
convey the desired information, Any other visual characteristic that can be varied tna similar

mamer would be just as appropriate.

The various functions or processes disclosed berein may be descrbed as data andior
mstructions embodied n vartous compater-readable media, i termg of therr behavioral,
register transfor, logic component, transistor, layout gemmetries, andfor other characteristics.
Computer-readable media in which such formatted data andfor instructions aay be embodied

mclude, but are not himited to, non~volatile storage wedia n various forms {e.g., optical,
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magnetic of senuconductor storage media) and carrier waves that may be ased 1o transfor
such formatted data and/or structions through wircless, optical, or wired signaling media or
arty cornbination thereof. Examples of transfers of such formatted data andior instructions by
carrier waves inchude, but are not hnnted to, transfers (uploads, downloads, e-mail, ete.} over
the mternet andfor other computer networks via one or more data transfer protocols {e.g.,
HTTP, FTP, SMTP, ctc.. When received within a compuier svsiem via ong of more
computer-readable media, such data andfor mstruction-based expressions of components
and/or processes under the system described may be processed by a processing entity (e.g.,
ong or more processors) within the computer system in conmjunction with execution of one or

mare other computer programs.

Aspects of the systems and methods deseribed herein mayv be impleniented as functionality
programmed into any of a variety of circuitry, including progranumable logic devices (PLDs),
such as ficld programmable gate arrays (FPGAs), programmable amay logic (PALY devices,
clectrically progranumable logic and memory devices and standard ecll-based devices, as well
as application specific integrated circuits {ASICs). Some other possibilities for implementing
aspects of the system include: microcontrollers with memory (such as electromically erasable
programmable read only memory (EEPROM)), embedded microprocessors, firmware,
software, ote.  Furthermore, aspects of the system may be embodied in microprocessors
having software-based civewit emulation, discrete fogie {sequential mnd  combinatorial),
custom devices, furzy (neuraly logic, quantmm devices, and hyvbrids of any of the sbove
device tvpes, Of course the underlying device technologies may be provided in a variety of
component  types, ¢.g., meialoxide somiconductm  field-effect transistor (MOSFETD)
technologies tike complomentary metal-oxide semiconduactor {CMOS), bipolar technologies
like emitter-coupled logic (ECL), polymer technologices {e.¢., silicon-conjugated polymer and

metal-conjugated polymer-metal structures), nuxed analog and digual, ete.

Unless the context clearly requares otherwise, thwoughowt the deseription and the claims, the
words “comprise,” “compnising,” and the like are o be construed in an mclusive sense as
opposed 1o an exchusive or exhaustive sense; that 1s to say, in a sense of “including, bat not

fimited 0.7 Words using the singular or phoal muunber also include the plural or singular
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aumber respectively,  Additionally, the words “herein,” “herounder,” “above,” “below,” and
words of similar import refer fo this application as a whole and not to any particular porfions
of this application. When the word “or” iy used i reference to a list of fwo or more items,
that word covers afl of the following interpretations of the word: any of the tems in the bist,

all of the ttems in the {ist and any combination of the items in the hst.

The above deseription of illestrated embodiments of the systens and methods s not intended
to be exbaustive or to himit the systema and methods (o the precise forns disclosed. While
specific embodiments of, and examples for, the ms components and methods are
deseribed horen for sthustrative purposes, various ec_guivﬂient modifications are possible
withir the scope of the systems, components sud rocthods, as those skilled in the relovant art
will recognize. The teachings of the svstoms and methods provided herein can be applied o
other processing systens and methods, not only for the systems and methods described

above.

The elements and acts of the various embodiments described above can be combined w0
provide further embediments.  These and other changes can be made to the systems and

methods in light of the above detaited description.

In general, m the followmng claims, the terms used should not be construed to hinut the
systems and methods o the specific embodiments disclosed m the specification and the
claims, g should be construed o inchede all provessing systems that operate vnder the
claims, Accordingly, the systems and methods are not mited by the disclosure, but insiead

the scope of the systems and methods is to be determined entirely by the claims.

While certain aspects of the systems and methods are presented below in cortain clabn forms,
the inventors contemplate the varions aspects of the systems and methods in any munber of
claim forms. For example, while only one aspect of the systems and methods may be recited

as cembodied in machine-readable mediwom, other aspects may likewise be cmbodied n

machine-readable medivm. Accordingly, the inventors reserve the nght to add eddibonal
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claims after filing the application to pursue such additional claim forms for other aspects of

thi systems and methods.
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What is claimed is:
1. A system for natural langoage processing comprising:
a processor configured to receive iput conyrising unstructured texy;

the processor further configured to execute a word tagger module that recerves tokenized
words and assigns tags to the tokenized words using a reference dictionary of words with
possible tags:

applving roles fo resolve any ambiguities in the fags;

if an exception 1s generated i the word tagger modude, defernuning a nide responsible for the
exception;

editing the responsible rule; and

executing the word tagger module using the edited rale.

3 The system of clatm 1, wherein the processor is further configured tor

execute a clause divider module that divides output of the word tagger modude mito clauses;
deternnne i a clause is incorrectly divided; and

determine a rule responsible for the incomrect division;

edit the responsible rule; and

exccute the clause divider using the edited rule,

3 The system of claim 2, wherain the output of the clause divider comprises clauses
with classification, relation and grammatical information.

4, The system of chum 2, wherein the processor s further configured 1o

execute an accommodatar process that receives outpit of the clause divider modude and,
creates phivases from the wput;
detects connections between the phrases;
classifies words; and

detects connections between words.
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s The system of clain 4, wherein the accommodator modale output comprises a nudi-
level structure comprising at Jeast one of a word level, a clause level and a phrase level

5. The system of claim 3, further comprising a server hosting an application
progranmuming interface comprising a rules-based query language (QL) that is applicable o
form quenies to extract information from the output of the acconmmodator module.

7. The system of clatm 6, wherein the QL craploys first order formudas for querving the
output of the acconmmodator madule.

3. The system of claim §, wherem the accomumadator performs an “#" test to deternune
connections bebween phrases.

5, The system of clabm 1, wherein the rales comprise exact rules and inexact rules.

1. The system of claim 5, wherein the accommodator module process iaput sequentially,

11, The system of clain 3, wherein the clause divider provesses input from different
contexts differently.

12, The system of chaim 3, wheremn the clause divider comprises a correctess evaluator
that continually assesses the correctniess of the clause divider process,

13, The system of claim 3, further comprising assigning types of clauses, and whevein
types of clauses are equavalent to types of phrases.

2

4. The system of clabm 1, wherem resolving ambiguities tnvolves a semantic n~gram
database.
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LA

i The system of claim 4, wherein the accommaodator modude sequentially considers

scraps and chooses scraps that make sense sernantically.

e, A computer-implemented method for processing text, the method comprising:
receiving unstruchured text]
decoding the uastruciured text, conprising,
tagging wowds using exact and tnexact rufes;
dividing the tagged words into clauses using a sequential algorithm
performing an accommodator operation;

monitoring the foxt processing for error, and if ervors are found medifving one or
mere of rules for tagging, rales i dividing, and rules for perfornung the accommodator
operation; and

mymediately proceeding with the text processing using the modified rules.

17 The mcthad of clatm 16, fther comprising goenerating an output of the

accommuodator operation comprising & melii-lovel stractore conywising at least one of 8 word

level, a clagse tevel and a phrase level

18 The method of claim17, wherein the word level comprises connections between
words.

19, The method of claim 17, wheretn the clause fevid comprises conneetion between
clauses, connections between clauses and phrascs, and connections between clauses and
words,

20, The method of claim 17, whershn the phease level comprises conncotions botween
phrases, and connections between phrases and words.

21 The method of claim 20, further comprising presenting the output of the
accommuodator operation graphically with the received toxt in its original ovder and marked to
show any connections on the word Tevel, the cliuse level, and the phease level,
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22 The method of clatm 21 farther gueryving the output of the sccommodator operation o

extract predetermined mformation
The method of claim 22, wherein querving the output conprises selecting the

23,
predetermined information and selecting a manner of displayving a response to the query

ncluding the predetermined miormation.
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NS SRR
The man | saw ast mgm hecame my memﬁ
NE T padiae Py R

Serond chause i moved

. I saw last night}} o temporary to final clause stack
el stacke {{ ’ Q }} because of detection of angther

tmporary stack: {{The man, became}} pradicate scrap.
T | o
Yh& man | saw Iasi nighi ﬁ&Cama my fﬂend
NE EES panions SENERE : e

1
o o Sergp {my fiend) s pud o the st
final slack {{is sa“& iast night}} clause of tempomry slack,

emporary stack: {{The man, bgaame? my fr 3&nd}}

SR N& ER N0 AT o
The man | saw last mgm mcam& my fnanci
MR R pvachingds priadionse

Erd 0% SEBNCS - Remaining olause fram iemmrary
slack s moved 1o the final stack.

fnal stacke 140 Saw, last night}, {The man, became, my friend}}

femponry stk {}
FIG. 12
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5. Nodes extraction.
[RER NE SR O
The man | saw las% mght hecame my fnefxd
By W painge searlioaty :

in this sxampie none of Hhe clauses ae starting with poleniial node

causes 111 saw, last night}, {The man, became, my friend}}

6. Clause connection detection.

R HY PR ACH Y R
The man | saw last mghi became my friend.
e WS pentica P o : e

Cirestad connaction babwoay st and seoond clause is delected,

aauses: 141, Saw, last night}, {The man, became, my friend}}

TR NE FEWD ST NS WD RS Mg
The man | saw Basi mght became my fnémﬁ
N P poudinae ekt :

Additionaly mmscifw botween firgt clausse eand x‘irst BOTRP
from second clause is detasted,

causes: 11k 88w, last night}, {The man, became, my friend}}

""" FIG 13
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7. Clause type clasification.

O N8 SR SIT o “ery

The man | saw last mght becama::‘ﬁy frmncﬁ

PR WP prucinaky it
First olauee s given Complaman olause hyps
bacauses of s connaction 1o e pariciar sorap rather than whonle olauss
Second dause s denoted as Main dause by default,

causes: 111 Saw, last night}, {The man, became, my friend}}

Complermen olauss Masin clause
8. Qutput
IR WS FRAGR W&
The man | saw Iast mgm hecama my friend.
B w prelionts goachoate i S

|
TN

/ B
; .

clauses: 11k SaW, last night}, {The man, became, my friend}}
Complarmers clause RMak clause

FIG. 14
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1500
RECEIVE EXCEPTION

INDICATION
i 1502

DETERMINE IF PHRASE 18 BUILT CORRECTLY

¥ lN 1504
DETERMINE IF GIVEN
PROBLEM RESULTS
EROM PHEASE CREATOR
_ 1508
N i ¥
REPAIR PHRASE
CREATOR RULES
1548
DETERMINE IF GIVEN
PROBLEM RESULTS
FROM SCRAPS
| 1510
N Ly
¥ i‘ * . |
DETERMINE IF CONNECTIONS  «— Q‘Epﬁ&{%&%ﬁpm
BETWEEN PHRASES ARE CORRECT ENGINE
i_i\i Yy o
CHANGE CONNECTION
RULES OR EDIT SEMANTIC
N-GRAM DATABASE ENTRIES

DETERMINE IF CLASSIFICATION
OF PHRASES IS CORRECT |

IN Y
CHANGE CLASSIFICATION
RULES |

1582 END

FIG. 15
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203D
WORDS GROUPED
INTO SCRAPS AND CLAUSES
(INPUT)
}
PHRASE
CREATOR
1602
'
PHRASE CONNECTION SEMANTIC
DETECTION | < | Jiaoast
A 1604 1603
!
PHRASE TYPE
CLASSIFICATION
1606
}
WORD COMPONENT
cmssarricmmi con

}
WORD CONNECTION
*********** 1610

}
LANGUAGE DECODER
OUTP

B £ 43 13

FIG. 16
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§ secorvumend coffon with gweetansr for your Tather

s ook 1 ghenn olpment B superion By oapince Awith W s

ik o v % A . Tt 3 e et e Guperinr plyasy
At chioek 8 1 kprops e ongingd mwesing. 7 .‘, ' N ST Ol

T uhack 1 ifver slement ¥ supstor Wy Yo veplaos Lwith i 4
A ihescl B 88 keops T spingt traneing, 4

§ rocomunend coltor with sweetener for your father.

N

7

ot i is indoud e superion phaage
¥

FiG 17
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1. Input.
NE NS ¥RO 85 N NS NE R
Construction worker bought coffee with mitk and cigarettes
NF NP praclicaty MNP P ON NP

Accomudaitr enging lakes set of somps within one dlause

Ns N& VEG NS N NS KS NP
Construction worker bought coffee with milk and cigarettes
NF pradicate NF # ME N N§

Thiz section oreates phrases by mingr somp manipulations {merging, dividing and typs changing.

3. Connecting phrases.

NG S ¥ VB, NG w S 5 M
Canstmctmn worker bought coffee with mﬁtk and cigarettes
NH pradicate NE P NP ON NP

_ 7 Firaf afep is 10 conneet "construction workay”

stack: {Gﬂnmm‘:ﬁ‘m mxk&r} 0 2 predicate because of s position,
Then ‘constructicn worker plvase s audded to the stack

{only NP and P plyases can be added b the stack).

FIG. 18
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" N& """"""""""""""""""""""" \mih . i~ - NS N
Ccmstmctmn worker bought caﬁaﬂe with mitk and cigarettes
NP predicale M R N§ O MNP
Pradicate ‘bought’ ia by default
stk {} cormeniad o the oot &1L

Conshrustion worksr” phrase s removesd from the slack
because of prodicle SpPORrancs.

NS T us R N PN i u8 NS NP
Cmstmctmn worker bought caffee with mgtk and cigarettes
NP pradicaia NE R NE ON NE
*Cotlee” i commeoted o a pradicnte boosuss of nourn-verd praximity
- {ccﬁe&} Thie phssse is put into the stack.
" s e S o
Censtmstmn worker mmght caﬁee thh milk and cigarettes
NP pradioats NP R NE ON NP

Hom hwo sitiations are considhrsd,

stk {ceﬁes} Eithar “wilit’ connects phrase an the Hght with ane from he op of the stk
oF “with” conecte phrase o the dght with pradicata,

First solution samantically sidls better therfors this one s sslsgied.

K& S vaos ¢ oae 6 T wet as NP
Construction worker bwght coffee with milk and cigarettes
NP pradiogde NP 3 N§ O NP

stank: {Qgﬁgﬁ} it slargls ﬂghi af%@ & preposition
{with mitk} Pair “with milk” is added to the stack,

FIG. 19
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NS 7w e we RO . w
Cms’tmctmn worker bought caffee with milk and cigarettes
NP pradicats P R & ON S
, Here two situations are considerad,
stack: {9"}“99} R’ finks phonse on the right with ane of the phases rom the stack
{with mitk}

Either "volles and cigareies” or "with mitk and cigaretiey”

Thess two palrs lorce foliowing sermantic relations:

“Bought cigaradtey” and "colfe with clgaralied” reqpuctivaly

The firet makes more semamnic sense thaersfore it i chosen,

i takes pyer the connaction {1 “bought™ from “coffed® and links o iteall

C{}nstmnt:m worker hwght mﬂ‘e& thh ms!k and mgamttas

NP predicals NE R NE O NP
3 "Cigareties” & connectad 1 tand” phrase
stack: {caﬂe&} % because stands right after CN {oonnecton) phrage
{Wﬁh miik} SR FIOR NIGN ™ NI} phase,

FIG. 20
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4. Phrase classification,
NS e o e AT N s g«s; ------ ‘
Construction worker ba&ght caffee thh milk and cigareties
suldect predionte MNP P NP GN NP

Lonstructan worker” phyass gets SUBIECT for e type

becaise of posilion and cymection b preditale,

Canstruc&:m warker bm.sgm coffee with m:lk arzd c;gamttas
stibest pradicate NP 3 N Ol NE

N:& A N

Cmstructm worker bought caﬁa& with milk ami csgamﬁas

subject pradicate objed B 8 CON NP

Coffed” phrase gels s type beoguss of #8 position and redation o pradicats

wan ¥e N NEEd Ko

Cansimc&mn wark@r hwghi tmffae w:th milk arzd csgareties
stibject predicate object  pepeston NP N NEF

WA sorap tvpe {FY s changed B preposition phmse tvpa
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e e e e e e e e 4 S e e e TSI AN 8 4 e 8 e G e S e S e e e e et et e e e e e

\xsa”‘ s NP

Cms’tmctmn worker bought caffea wzth m;lk and mgafeﬁes

subject predicate obiet! preposition awbute ON NP

oo T Ns Ve nﬁm}
Cmstructmn wmkar bwgm ceﬁ‘ee w:th mxik and mgarettas
subjact wredicate shiect wa«ww atibute connestor NR

van"" wmo R NP

Cmstrustmn worker bought caﬁe& w:th mﬁk and mgar&ﬁes

subiagt pradicate abjent {Sfﬁig;‘{&ﬁt?‘??} atilbate  connester objsct

“‘Cigarelies” gels aitribule type because of relation 1o perticular connecior

vpo ¥ Hp

Cmstmstmn werker bwght caﬁee thh mﬂk aﬂd mgareﬁes

specifier

subjoct pradicate abjedl  preposithn olibule  sovmeole shigot

Word “construction” gels specifier componant bacauss i g 8 noun describing phrase oors

FIG. 22
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vap ¢ N

Cmstwctmn warker baughi caﬂ"ee wath mﬂk and csgarettes

specilier core o Lo cors o Core gore
subjeat procivats Obiesl  mepcslion wirbhule coremchy object

Rast of the words from the sentence gels core componant
because thay are single within corresponding phrases and ame not modifying any other plyases

6. Connecting words within phrases.

Canstmctmn warker bought caﬂ‘ee WI‘th mﬂk and c:garetteﬁ
specifier . oo oo Lore core oo pore oore
subject pradivate ohient  peposios e ouonecior obiact

Al specifying words are connected to core of phrage.
Hest of the words from sentence
are ot considerad hare bacause they are single within coresponding pluases

7. Qutput.

N& NS . VBR NS R Ng RE& NP
Construction worker bought coffee with milk and cigarettes
NF NP predicate NP pp CN NP
Canstmatmn wmker %:mught wffee wlth mﬁk and c:garettes
specifier . * oome core oore corg ool Core core
subject pradicale ohjenl  preposifion atribule  osonestor objest

FIG. 23
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| A 2400
RECEIVE EXCEPTION
INDICATION

DETERMINE IF TEXT I8 CORRECTLY TOKENIZED
2404
Y | 1 N

*

DETERMINE IF TEXT IS ADD OR CHANGE
CORRBECTLY DIVIDED «  EXISTING RULES
INTO SENTENCES IN TOKENIZER
| . 2408 240
! N v
DETERMINE {F WORD ADD OR CHANGE
TAGGER WORKED «  EXISTING PATTERNS
CORRECTLY, IN SENTENCE DIVIDER

8

2412
\E. N v
DETERMINE IF START WORD TAGGER
FREDICATE FINDER ™ EXCEFTION RESOLWVING
WORKED CGRRECTL‘%@M PROCESS 560

DETERMINE IF CLAUSE ADD OR CHANGE
DIVIDER WORKED  «  EXISTING RULES
SQRR&CTE};MQ IN PREDICATE FINDER
| 241 2420

3 <
§ §
Y{ ;
i
L

)s N

DETERMINE IF  _ START CLAUSE DIVIDER
ACCOMODATOR EXCEPTION RESOLWVING

WORKED CQRR&GTL\;Q% PROCESS 800
Y * | N ‘
END START ACCOMODATOR

EXCEPTION RESOLVING
PROCESS 1800

FIG. 24
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CLAUSE LEVEL
{8 types)

CONNECTIONS
CLAUSE» CLAUSE

\\\\&%@&\\\\ CLAUSE » PHRASE

DLALSE = WORD

PHRASE LEVEL
(8 types)

CONNECTIONS

PHRASE - PHRASE

FRHRAGE « WORD

e

WORD LEVEL

{8 types for predicats)

{1 type for conneactor nelevan, preposition} |

{14 types otherwise) CONNECTIONS

WORD « WORD

FIG. 25
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CORRECTOR

2604

TOKENIZER &

SEN

¥

203A1 & 203A2

WORD TAGGER

203A

T

i

2602

RERE

RE

NER
(NAVEDENTITY

75
15

Z

PREDICATE FINDER

2038

P

o

Fen
i

203C
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’
Lo
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£

o
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TEXT INPUT
(“The chicken in this restaurant is very delicious
and the music is awful!

X

| want to say that the sea view is awesome!”)

LANGUAGE DECODER
PROCESSING

T T

------ 2702

APPLYING LDQL RULE

N PR AN
g MLV oW ]
EJ E.. A he &

A U
.
h g

iy
I

2704

TSI

hiohen Very delisiaus

s sssestaf . £
- N 27086

FIG. 27
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RN
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R \\ \\ \>.«:-:<.-:<$

SIS
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3500

LDQL SCRIPT

oL | [ LogL.
DEFINITIONS QUERIES

3504 35086
3602
LDQL PARSER ,___
LDQL OPTIMIZER,
. 3510
LDQL COMPILER

3512

NLP PARSER QUTPUT || OUTPUT PROGRAM |
103 3514

+
EDQL RESULT
(EXTRACTED INFORVATION) |
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