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ADAPTIVE DOCUMENT CONTENT
EXTRACTION VIA ENTROPY-GUIDED
GLOBAL ALIGNMENT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 63/695,806, filed Sep. 17,

2024, the entire contents of which are hereby incorporated
by reference.

FIELD OF THE INVENTION

[0002] The present disclosure pertains generally to the
field of digital document processing, and more specifically,
to systems and methods for the automated extraction, label-
ing, and structuring of content from documents with varied
and 1nconsistent layouts.

BACKGROUND OF THE INVENTION

[0003] A vast amount of business-critical information 1s
locked within unstructured or semi-structured documents,
such as 1nvoices, purchase orders, financial statements, and
insurance policies (e.g., PDFs, image files, HTML, spread-
sheets). While these documents are designed for human
consumption, their vanable layouts, structures, and content
make them 1ll-suited for automated data extraction. Their
variability creates a significant obstacle to automated con-
tent use 1n workflows, often requiring costly and error-prone
manual data entry.

[0004] Conventional methods for extracting data from
such documents follow two primary paths:

[0005] (a) Template-based systems: These systems rely
on pre-specified anchors and/or templates to define the
location and structure of data to be extracted. However,
they are brittle and fail when faced with new document
layouts or minor structural variations. Creating and
maintaining these templates 1s a labor-intensive and
manual process that does not scale efliciently.

[0006] (b) Monolithic machine learning (ML) and Arti-
ficial Intelligence (Al) models: While these models
offer more flexibility than templates, they have mherent
limitations. They often require large, labeled datasets
for training and have a tendency to “overfit,” leading to
a failure to generalize to new, unseen document lay-
outs. Additionally, certain approaches may suiler from
feature collision, where the model cannot distinguish
between 1dentical or similar content that appears in
different contexts, such as two different values that
share the same font and format and are located in
similar proximity to each other.

[0007] Therefore, a significant technical need exists for a
robust, scalable, and eflicient system that can accurately and
automatically extract unstructured data and semi-structured
data from a wide variety of document formats without
reliance on rigid templates or extensive document-specific
pre-training. Such a system would minimize manual inter-
vention and enable the processing of previously unseen
document layouts, overcoming the limitations ol conven-
tional methods to provide a scalable and eflicient solution to
the long-standing problem of automated data extraction.
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SUMMARY OF THE INVENTION

[0008] Disclosed herein i1s a novel system and method for
adaptive content extraction that utilizes a core technical
framework of entropy-guided global alignment. This
approach operates on principles fundamentally different
from conventional rigid template matching and monolithic
machine learning systems, which are prone to brittleness,
overfitting, and a key technical problem known as feature
collision.

[0009] The process begins by generating a comprehensive
teature profile for each Content Item, combining determin-
1stic and non-deterministic attributes. A key aspect of the
invention 1s the use of Shannon entropy to quantily the
significance of each feature, thereby creating a data-driven
ranked list from most to least discriminating. This ranking
cnables the system to identily the most distinct Content
Items within documents, which intersect between docu-
ments. These are labeled as Landmarks which provide a
technical solution to overcome the need for manual, pre-
specified anchors, particularly for content that lacks a row or
column label or where such a row or column label exists 1n
a different row and/or column than content desired to be
extracted. Moreover, unlike anchors, Landmarks provide a
distinct global alignment point.

[0010] The alignment continues with a two-stage adaptive,
stepwise global alignment process guided by the entropy
ranking. The first stage uses deterministic features to gen-
crate a set of candidate matches, while the second stage uses
non-deterministic features to select the single best match
based on 1ts spatial coherence with the Landmarks. This
two-stage method directly addresses feature collision by
disambiguating i1tems that may appear identical 1n a brute-
force approach.

[0011] The invention also strategically employs Large
Language Models (LLMs) for narrow, specific tasks that
complement the core alignment. The system leverages a
novel feature and content identification process to create
reusable extraction prompts, which are then validated by the
same alignment process that informed their creation. This
establishes a bi-directional validation loop that significantly
increases robustness and reliability. By solving these long-
standing technical problems, the invention provides a unique
and 1nventive solution for automated content extraction from
unstructured and semi-structured documents.

BRIEF DESCRIPTION OF DRAWINGS

[0012] The present ivention will become more fully
understood from the detailed descriptions and the accom-
panying drawings, wherein:

[0013] FIG. 1 1s a flowchart illustrating an exemplary
embodiment of the method, illustrating key steps from
document reception to structured data output, including, but
not limited to matching an incoming document to an existing
Document Extraction Set or creating a Document Extraction
Set, including the use of an LLM for validation and prompt
generation.

[0014] FIG. 2 1s a block diagram that illustrates the
system’s architecture, including a user device and a main
component that houses key soltware components for docu-
ment processing and alignment, such as the features com-
ponent, Landmark identification component, and adaptive,
stepwise global alignment component.
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[0015] FIG. 3 1s an example First Content Document for
an 1nvestor statement used to show the i1dentification of
exemplary Landmarks.

[0016] FIG. 4 1s an example Second Content Document
for an 1nvestor statement to show the identification of
exemplary Landmarks.

[0017] FIG. 5 1s an example Second Content Document
Variant for an investor statement showing the additional
Content [tems which cause it to be a variant relative to the
First Content Document 1n FIG. 3 and the Second Content
Document 1n FIG. 4.

[0018] FIG. 6 1s a table detailing how features are used to
determine Landmarks by ranking them based on Shannon
entropy to 1dentify the most distinguishing content.

DETAILED DESCRIPTION OF THE
INVENTION

[0019] This detailed description, in conjunction with the
accompanying drawings, illustrates the principles of a sys-
tem and method for adaptive content extraction in one
embodiment. To provide a comprehensive and enabling
disclosure, the description will first define key terminology.
It will then describe the system’s architecture and constitu-
ent components with reference to the figures. Lastly, 1t will
present the specific operational steps of the method, 1llus-
trating the interaction between the described components.

[0020] The {features, advantages, and characteristics
described 1n this specification are not limiting and may be
combined 1n any suitable manner in one or more embodi-
ments. A reference to a particular element, aspect, compo-
nent, or advantage 1s understood to mean that it 1s included
in at least one embodiment, but not necessarily in all
embodiments. Furthermore, the invention may be practiced
without certain described features, and some embodiments
may include additional features or advantages not univer-
sally present.

[0021] As used herein, a “Content Item” refers to a dis-
crete, machine-parsable unit of information from a docu-
ment. “Content Items” refers to the plurality of “Content
Item”. A Content [tem may represent a semantic or structural
component of the document. Examples of a Content Item
include, but are not limited to, a word, a phrase, a paragraph,
an 1mage, a table, a data value (e.g., a number or date), or a
defined element 1n a markup language (e.g., an XML ele-
ment).

[0022] As used herein, a “First Content Document,”
shown 1n FIG. 3, 1s the initial reference or base document
within a group of similar documents and associated align-
ment and extraction methods referred to herein as a “Docu-
ment Extraction Set”. The First Content Document serves as
the document against which other documents are compared
for data extraction. Typically, the first document of a par-
ticular type that 1s processed by the system 1s designated as
the First Content Document. Examples of a First Content
Document includes, but are not limited to, the first utility
bill, the first invoice, purchase order, financial statement, or
insurance policy received by a customer, or other any type
of business-critical document first received.

[0023] As used herein, a “Second Content Document,”

shown 1n FIG. 4, 1s an incoming document that 1s compared
against a First Content Document. It 1s expected to be a
routine variation of the First Content Document, containing
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similar types and location of content but with different value,
like a utility bill for a period different than that of the First
Content Document.

[0024] As used herein, a Second Content Document Vari-
ant 1s an incoming document that, while spatially similar to
the First Content Document (as measured by a Simplified
Procrustes Distance below a predetermined threshold), con-
tains significant structural differences. Its differences rela-
five to a First Content Document are: 1) having a greater or
lesser number of Content Items than the First Content
Document or Second Content Document, or 2) a change 1n
the order of Landmarks versus a First Content Document.
See FIG. 5 for an example of a Second Content Document
Variant versus FIG. 3, an example First Content Document.
In comparison, see FIG. 4, for an example of a Second
Content Document relative to FIG. 3, an example First
Content Document, FIG. 3. Note the inclusion of additional
rows of content for the Second Content Document Variant
that refer to “Inception-to-Date” calculations 501.

[0025] As used, herein, a “Landmark™ 1s a distinctive,
machine-readable content that serve as distinct, high-confi-
dence global anchor points for establishing global alignment
between documents. “Landmarks™ refers to a plurality of
“Landmark”. Referring to FIG. 3, they are identified and
matched between a First Content Document and Second
Content Document (or Second Content Document Variant)
based on one or more features, particularly those with the
highest Shannon entropy scores as described herein. Land-
marks are globally distinct within each document based on
a combination of features and share similar features between
compared documents.

[0026] The system and methods disclosed herein utilize a
normalized coordinate system to precisely locate elements
on a document page. This system uses the document’s
content area—the region containing all rendered text,
images, and other graphical elements—as the reference
frame. The top-left corner of this area 1s defined as the origin
(0,0), and the bottom-right corner 1s (1,1). All coordinate
values and measurements, such as height and width, are
therefore expressed as relative fractions of the content area’s
total dimensions.

[0027] Where angles are computed, they are normalized to
360 degrees. Thus, 90 degrees i1s expressed as 0.25 (90
degrees divided by 360 degrees).

[0028] The system and methods herein utilize Shannon
Entropy to rank features computed on Content [tems. Shan-
non entropy of a given feature, X, which serves as a measure
of its uncertainty or information content. A feature with
higher entropy i1s considered more informative and has
greater distinguishing power. Shannon entropy as used
herein 1s calculated for a feature X with the following
formula:

H(X) == ) p(x)log, p(x:)
i=1

[0029] Where:
[0030] a) H(X) 1s the entropy of feature X, measured 1n
bits.

[0031] b) X 1s the specific feature (or variable) being
analyzed. For example, this could be the “data type” or
“format™ feature from a document processing system.



US 2026/0080704 Al

[0032]
take.

[0033] d) n is the number of unique values.
[0034] e) p(X,) 1s the probability of observing the unique
value X, in the dataset, computed as:

C) X, 1s each unique value that the feature X can

count of x;

Xi) = :
LX) total number of items

[0035] ) log, i1s the base-2 logarithm. Using base 2

means entropy 1s measured 1n bits, the standard con-
vention 1n information theory.

[0036] To 1illustrate the application of this formula to
features of Content Items, following 1s an example analysis
using a 16-Item Dataset. The entropy calculations for the
following set of 16 Content Items with three features (Data
Type, Exact Value and Format) to understand their predic-
tive power 1s disclosed below 1n Table 1.

TABLE 1
Content [tem Data Type Exact Value Format
[tem 1 CURRENCY $50.00 $ XX XX
[tem 2 CURRENCY $50.00 $ XX.XX
[tem 3 CURRENCY $50.00 $ XX XX
[tem 4 CURRENCY $75.00 $ XX XX
[tem 5 TEXT John Smith Exact
[tem 6 TEXT Beginning Exact
[tem 7 TEXT Beginning Exact
[tem & TEXT Beginning Exact
[tem © CURRENCY $75.00 XX XX
[tem 10 DATE Jan. 1, 2025 MM/DD/Y'Y
[tem 11 DATE Dec. 31, 2025 MM/DD/Y'Y
[tem 12 TEXT beginning Exact
[tem 13 TEXT ending Exact
[tem 14 CURRENCY $50 $ XX
[tem 15 CURRENCY $23 $ XX
[tem 16 DATE Aug. 24, 2025 Exact
[0037] This analysis includes the individual features and

the combination of ‘Format’ and ‘Data Type’. Combinations
including ‘Exact Value’ are excluded.

[0038] Using Data Type as an example, start by count-
ing the frequency of each unique value for the Data
Type feature.

[0039] CURRENCY: 7 occurrences, TEXT: 6 occur-
rences, DATE: 3 occurrences

[0040] Total Items: 16

[0041] Now, we calculate the probability (p(x;)) for
each unique value for Data Type and plug 1t into the
entropy formula.

[0042] The probabilities (p(x;)) for each unique value

dare.
;
P(CURRENCY) = —
TEXT) = =
Pl )—16
DATE) =
Pl )—16
uta 1ype) = -|( 5 o 1)+ (75 o)+ (- oma g )|
- —|] —. —_— ] —. —_— ] —. —
(Data Type) 16 2276) "\16 %5216 ) "\16 %276
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-continued
7
] — =~ —1.19
°%2 76

6

LDgZR — —141
3

lﬂgEE o —241

6 3
H(Data Type) = —[(7/ 16-—1.19 ) + (E - —1.41) 4 (E - —2.41)]

H(Data Type) = —[-1.5013] ~ 1.50 bits

[0043] Similarly, for ‘Format’, we have 7 ‘Exact’, 3
EXX XX, 2 ‘MM/DD/YY’, and 2 ‘$XX .

H(Format) =~ 1.796 bits)
[0044] For ‘Exact Value’, we have 11 unique values.
H(Exact Value) = 3.321 bits)

[0045] For the combination of ‘Format’+‘Data Type’,
we have 5 unique pairs.

H(Format, Data Type) = 2.055 bits)

[0046] A feature with higher entropy provides more infor-
mation. By calculating the entropy of the relevant feature
combinations, we can create a focused ranking of their
distinguishing power.

[0047] We rank the features and their combinations from
most distingumishing to least distinguishing based on their
Shannon Entropy.

1. Exact Value (H =~ 3.321 bits)
2. Format+Data Type (HH ~ 2.055 bits)
3. Format (H ~ 1.796 bits)

4. Data Type (H = 1.505 bits)

[0048] The systems and methods herein identify Candi-
date Landmarks within each individual document. The pro-
cess begins by looping through the top n (a predetermined
number) entropy-ranked features on Content Items (e.g.,
600, 606), starting with the highest ranked. A feature with
higher entropy 1s considered more informative and has
greater distinguishing power. When a highest-ranked feature
or combination of features, along with other features com-
puted using the Adaptive Features Database, 1identifies one
or two distinct Content Items (e.g., Content Items 602, 608),
those Content Items are defined as “Candidate Landmarks”
for that document.
[0049] C(Candidate LLandmarks are validated as a LLandmark
when they meet all of the following criteria:
[0050] a) Candidate Landmarks with the same value,
that occur twice within a document exist in sufficiently
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different locations. Such difference 1n locations 1s mea-
sured by their (x,y) locations being above a predeter-
mined threshold as measured by Euclidean distance
(e.g., 604, 610),

[0051] b) The exact value of the Candidate LLandmarks
are equal (e.g., 612);

[0052] c¢) Candidate Landmarks share a similar location
between documents, as measured by Euclidean dis-
tance being within a predetermined threshold; (e.g.

618)

[0053] d) each shares the same number of occurrences
614 (one or two 616); and

[0054] e) their locations are not outliers, as defined by
a Mahalanobis distance that 1s greater than a threshold.

This process of 1dentifying Landmarks by intersection pro-
vides the foundation for the adaptive, stepwise global align-
ment of documents.

[0055] In one embodiment, a heuristic 1s used 1n lieu of
Shannon entropy for idenfifying LLandmarks. This heuristic
1s taking the 1ntersection of unique value Content Items from
each document, subject to the following conditions:

[0056] 1) Content Item’s value occurs 1 or 2 times 1n
each document (either 1 time 1n each document or 2
times 1n each document)

[0057] g) Pairs of occurrences between documents are
located 1n similar locations within each respective
document (e.g., first occurrence 1n First Content Docu-
ment 1s located at (0.25,0.38), first occurrence in Sec-
ond Content Document Variant 1s located at (0.24,0.37)
and second occurrence 1n First Content Document 1s
located at (0.43,0.39) and second occurrence in Second
Content Document Variant 1s located at (0.44,0.41).
Similar location 1s defined to be a location within a
predefined threshold of Euclidean distance.

[0058] h) Occurrences within each document are spa-
tially different within each document. Using Euclidean
distance those Content Items with a location as mea-
sured by Euclidean distance being above a predefined
threshold are considered to be spatially different.

[0059] 1) The feature’s location 1s not an outlier, as
determined by the Mahalanobis distance.

[0060] In a preferred embodiment, a Simplified Procrustes
Distance (Procrustes Distance Without Rotation) 1s used to
1identify similar documents. Procrustes Distance 1s a statis-
tical method used to measure shape similarity after aligning
two sets of points (or shapes) by finding the optimal simi-
larity transformation (translation, scaling, and rotation) that
minimizes the distance between them. In the simplified
version ufilized in the systems and methods described
herein, 1t 1s assumed that both sets of points already have the
same orientation, so the rotational component 1s assumed to
be zero. With this assumption, the goal of the Simplified
Procrustes Distance 1s to find only the optimal uniform
scaling factor s and translation vector t to best align the set
of points Y (Landmarks from Second Content Document) to
a corresponding set of points X (Landmarks from First
Content Document) and then such (aligned) location points
for Landmarks are utilized to assess the degree of their
similarity 1n overall location. The following details the
computation for the Simplified Procrustes Distance and its
application to similarity of Landmark points.

[0061] a) X defines the target shape (First Content
Landmark points).
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[0062] b) Y defines the source shape (Second Content
Landmark points).

[0063] c) The calculation seeks to find a scalar s and a
translation vector t that minimize the sum of squared
differences, D, between the points of X and the trans-
formed points of Y. The objective function 1s defined
using the squared Frobenius norm:

DGs, 0 = || & = (s¥ + 17|

[0064] where 1 1s an nX1 vector of ones, and t1s a kx1
vector representing the translation. To simplify the
problem, we first remove the translational compo-
nent by centering both shapes at the origin. We
compute the centroid (mean position) for each shape.

[0065] d) The centroid of the target shape X 1s:

The centroid of the target shape Y 1s:

R ERE O

[0066] ) We then create centered matrices, X, and Y,
by subtracting the centroids from their respective

points:
Xo=X-1ck
Yo=Y — lc&
[0067] 1) With the shapes centered, the objective func-

tion simplifies to finding the optimal scaling factor s
that minimizes the distance between X, and sY,,.

D(s) = || Xo — sYo|%

[0068] g) To find the minimum, we take the derivative
of D(s) with respect to s and set it to zero. The objective
function can be expanded using the trace operator:

D(s) = trace((Xo — sY0)' (Xo — s¥0)) =

trace(Xng) — 25 - tmce(XﬂT Y{]) + 5 -tra,ce(}’g,p Y[;.)

[0069] h) Taking the derivative with respect to s:

ﬂjf—D = —Q-Hace(XﬂTYg) — QS-trace(Yg Y.;;.) =0
Ky
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1) Solving for s, we get the optimal scaling factor:

B trace( Xy Yo) B Z;(Iﬂf'mf)

- trace(Y(Yo) " iy

AN

[0070] ;) Once the optimal scaling factor s 1s known, the
optimal translation vector t 1s calculated to align the
centroids of the scaled source shape and the target
shape.

I=c,— 8 Cy

[0071] k) The final aligned source shape Y'1s given by:

Y =sY + 1

[0072] After performing the alignment, the mimmized
distance D _ . between the target shape X and the optimally
transformed source shape Y' i1s known as the Simplified
Procrustes Distance. In a preferred embodiment, 1t serves as
a measure of similarity between the two initial sets of
Landmarks, which 1s 1n turn, utilized a proxy for document
similarity.

2

D_min=|lX - ¥'|I} = ||X - (s + 17|

[0073] A smaller Simplified Procrustes Distance indicates
a higher degree of similarity. To make a binary decision on
the similarity of Landmark points, the Simplified Procrustes
Distance 1s compared to a predefined threshold. If the
Simplified Procrustes Distance 1s less than or equal to the
predefined threshold, the Landmark points are considered
spatially similar. This provides strong evidence that the
documents share a similar underlying structure or layout in
the positioning of Landmarks. This measure 1s important for
two purposes: 1) identifying a corresponding First Content
Document among potential candidates when a new docu-
ment 1s received, and 2) identifying whether a document 1s
sufficiently similar to a First Content Document, even 1f it
has attributes that differ from a Second Content Document
(such as differing rank order of Landmarks as described
herein), thereby classifying i1t as a Second Content Docu-
ment Variant.

[0074] In a preferred embodiment, Mahalanobis Distance
1s applied to remove outher Landmarks before computing
Simplified Procrustes Distance. In the context of document
alignment, when Landmarks are used as anchor points to
create global alignments between two documents, a problem
potentially arises when some Landmark pairs are spatially
inconsistent with the majority of other pairs. These spatial
outhiers can negatively impact the calculation of location
similarity and result in poor alignment. To address this, the
Mahalanobis Distance 1s applied to the Landmarks to elimi-
nate outhiers. This technique 1s considered more robust
because 1t accounts for the correlations between variables,
unlike methods that look at each variable independently.
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This 1s because the Mahalanobis Distance quantifies how
many standard deviations a data point 1s from the distribu-
tion’s center (mean), considering the overall shape and
orientation of the data.

[0075] As used herein, Mahalanobis Distance 1s calculated
by the following formula:

Dzz(x—y)T$Y1$(x—y)

[0076] Where:

[0077] a) D“ is the squared Mahalanobis Distance for a
specific data point.

[0078] b) x 1s the vector for the data point being
evaluated (e.g., [x1, x2, . .., xp] for a point with p
variables).

[0079] c¢) u 1s the mean vector (or centroid) of the
dataset, which represents the average value for each
variable.

[0080] d) S™' is the inverse of the dataset’s covariance
matrix. The covariance matrix (S) defines the variance
within each variable and the covariance between pairs
of variables.

[0081] e) (x—w)’ is the transpose of the difference
between the data point vector and the mean vector.

[0082] The process of removal of an outhier in one
embodiment 1s accomplished by the following steps:

[0083] a) Calculate the Centroid (u): The mean vector 1s
calculated to serve as the center of the data distribution.
[0084] b) Determine the Covariance Matrix (S): The

covariance matrix 1s calculated to understand the shape
and orientation of the data.

[0085] c¢) Compute the Mahalanobis Distance: The
squared Mahalanobis Distance (D”) is calculated for
each data point from the centroid.

[0086] d) Set a Threshold: A threshold 1s established to
classify which points are outliers. This 1s often done by
comparing the D” values to a critical value from a
chi-squared (y~) distribution. The degrees of freedom
for this distribution are equal to the number of variables
in the dataset.

[0087] e) Identily and Remove Outliers: Any data point
with a D~ value that exceeds the chi-squared critical
value 1s 1dentified as an outlier and can be removed.

[0088] After LLandmarks are 1dentified using Shannon
entropy, any outher Landmarks are removed when the
Mahalanobis Distance for the location of a Landmark
exceeds a predetermined threshold.

[0089] As used 1mn a preferred embodiment, a novel
method for determining the geometric coherence between
two or more Content Items based on their spatial relation-
ship to a set of Landmarks 1s disclosed. This method,
hereinafter referred to as the “Hough-Inspired KNN Simi-
larity Feature™, utilizes principles analogous to the Gener-
alized Hough Transform, an algorithm employed in com-
puter vision to 1denfify congruent shapes by leveraging
geometric properties such as distance and angle. The Hough-
Inspired KNN Similarity Feature provides a non-determin-
1stic score that quantifies the spatial consistency of a can-
didate Content Item’s location relative to Landmarks within
a document as compared to the location of a Content Item 1n
a compared document relative to the lLandmarks in the
compared document.
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[0090] To compute the Hough-Inspired KNN Similarity
Feature for a given Content Item, a first step 1s to 1identify the
K-Nearest Neighbor Landmarks. Given a Content Item C
located at position (X, y-) and a set of N Landmarks L={L.,
L.,..., Ly}, where each Landmark L, 1s at a position (X, ,
y, ), the K Landmarks nearest to C are identified. The
prfjximity of each Landmark to C 1s measured using the
Euclidean distance d(C, L,), which 1s computed according to
the following formula:

d(C, L) = (xz; = xc) + (vz; = ve)

[0091] The K Landmarks yielding the smallest Euclidean
distance values are selected to form the set of K-Nearest
Neighbor Landmarks.

[0092] Subsequently, a Spatial Signature Vector 1s con-
structed from the K-Nearest Neighbor Landmarks. This
vector 1s a single, high-dimensional representation that
encodes the directed angle and distance from the Content
Item C to each of 1ts K-Nearest Neighbor Landmarks. For
each of the K selected L.andmarks L; (where 1=1, . . ., K),
two scalar values are computed by the following calcula-
tions:

[0093] a) The distance d;: The Euclidean distance from
C to L;, as computed above.

[0094] b) The directed angle theta;: The angle of the
vector originating at C and terminating at L, computed
using the arctangent function on the difference in their
coordinates. The angle 1s expressed 1n radians from the
posifive X-axis.

[0095] c¢) The Spatial Signature Vector S, 1s a concat-
enation ol these ordered pairs and has a total of 2K
dimensions:

S{j = [thﬂtﬂl, dl, thﬂtﬂz, t:fg, cen s thﬂtﬂ,}(, dg]

[0096] The Hough-Inspired KNN Similarity score
between a first Content Item C, and a second Content Item
Cz 1s then determined by calculating the similarity of their
respective Spatial Signature Vectors, S and S . This 1s
accomplished by Euclidean distance between both vectors.
Importantly, note that this 1s not simply Euclidean distance
from the location of a Content Item to the nearest Land-
marks. In contrast, 1t utilizes angles and distance from a
Content Item to Landmarks. This distinction 1s considered a
key part of the disclosed methods, providing greater robust-
ness against positional variations that commonly occur 1n
documents and cause simple Euclidean distance measures to

fail.

[0097] As utilized herein, Euclidean distance refers to the
straight-line spatial distance between two points 1n a Euclid-
ean space. This metric 1s a standard measure used to quantily
the dissimilarity or difference between data points, features,
or vectors. In an n-dimensional space, the Euclidean dis-
tance between two points, P and Q, 1s calculated by taking
the square root of the sum of the squared differences of their
corresponding coordinates. The formula for Euclidean dis-
tance 1s:
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d(P, 0) =

[0098] Where:

[0099] a) d(P, Q) represents the Euclidean distance
between points P and Q.

[0100] b) P=(p,, p5,....p,) and Q=(q;,q,> . ... q,)

are two points in n-dimensional space.

[0101] c¢) p; and g, are the coordinates of points P and
(Q along the 1-th dimension.

d)

2.
i=1

indicates the sum from the first dimension (1=1) to
the n-th dimension.

[0102] e) (p—q,)” is the squared difference between
the coordinates of the two points 1n the 1-th dimen-
s101.

[0103] According to an exemplary embodiment, a system
for extracting content from electronic documents 1s dis-
closed. In one aspect, the system 1s configured for generating
a feature profile for a plurality of Content Items extracted
from electronic documents. The profile enables robust
matching of corresponding Content Items across document
variants, even with variations 1n layout, formatting, and
content ordering. In one embodiment, a method for gener-
ating a feature profile for a plurality of Content Items 1s
disclosed, which comprises the steps described herein. The
generated feature profile, or signature, includes both deter-
ministic and non-deterministic features to inform and refine
the alignment at each stage and 1s comprised of several
categories of features as components of the present embodi-
ment. Deterministic features are discrete attributes utilized
for exact-match comparisons. In some aspects, these fea-
tures are employed in a primary matching stage to generate
an 1nifial set of candidate matches between Content Items.

[0104] Exact value 1s the first deterministic feature used.
In one embodiment, this i1s the string representation of the
Content [tem (e.g., “Acme Corp.”, “1,234.56”). This feature
provides the highest level of specificity for a Content Item.
For non-textual content, this could be an 1image hash or the
code which renders an 1mage such as SVGQ. In each instance,
it represents an exact value for the Content Item. Equiva-
lence may also be established where variance after normal-
1zation 1s below a predefined threshold (e.g., a rendered
image scaled by 98% versus the same i1mage at 100% 1s
considered to have the same exact value). Similarly, a
percentage calculation may be computed Content Items
1identified, for use in the following formula:

Ending Market Value
Beginning Market Value

return =

Such a calculation may return a result that 1s within rounding
distance of another value being compared. In one embodi-
ment, this would be considered an exact value match.
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[0105] Relational features are the second deterministic
feature used: Relational features are logical or mathematical
relationships between a plurality of Content Items which are
encoded as a feature. For instance, if three numerical Con-
tent Items (A, B, C) satisfy the equation A+B=C, this
formulaic relationship 1s 1dentified. Then, each item 1s
assigned a role using one-hot encoding to represent its place
or role 1n an equation (e.g., [1,0,0] for operand A, [0,1,0] for
operand B, and [0,0,1] for result C).

[0106] Evidence-based features are the third deterministic
feature used. These features are informed by new 1nforma-
fion 1n a similar way to Bayesian inference. Such features
are 1teratively refined by a process of hypothesis testing. For
example, in an 1nvestor statement, a formula for ‘Ending
Market Value’ might be ambiguous as to whether withdraw-
als are subtracted are the beginning or end of a period when
compufting the percentage return for the period. This 1s often
the case because, 1n most periods following an investment,
withdrawals are not made (1.e., have a zero value). The ‘prior
belief” 1n such a case may be the assertion that withdrawals
are subtracted at the beginning of a period. Upon processing
a document with new evidence (a non-zero withdrawal), the
system resolves the ambiguity in the following manner. The
method calculates the formula under both assumptions and
compares the results to the document’s actual values. The
validated assumption updates the formula to a more accurate
‘posterior belief’, which becomes the new ‘prior beliel’ for
subsequent analyses. For example, a formula 1s revised from

Ending Market Value |
Beginning Market Value — Withdrawal

return =

Ending Market Value — Withdrawal |
Beginning Market Value

return =

In this embodiment, the evidence-based feature 1s revised
from the prior formula to the new formula and each variable
in the formula corresponding to a Content Item 1n a docu-
ment 1s one-hot encoded as a new relational feature.
[0107] Converted features are the fourth type of determin-
1stic feature used. These features are non-deterministic fea-
tures which are converted 1into deterministic features. In one
embodiment, to leverage spatial information deterministi-
cally, certain non-deterministic metrics are converted 1nto
deterministic features (discrete Boolean features). For
example, 1f the difference 1n the normalized vertical posi-
tions of two Content [tems 1s within a tolerance threshold, a
deterministic Boolean feature, “is on same line”, 1s
assigned a value of TRUE or FALSE and 1s one-hot encoded
as a converted feature.

[0108] Non-Deterministic features are the second group of
features. These capture spatial and relative attributes. They
are not used for 1nitial candidate generation but for second-
stage disambiguation to select the correct match from a list
of candidate matches. Such features include, but are not
limited to spatial metrics, including the size of the Content
Item (e.g., bounding box area), the Euclidean distance to
other nearby Content Items, and the distance and angle
relative to idenfified page Landmarks.

[0109] In a preferred embodiment, the “Hough-Inspired
KNN Similarity Feature” 1s used as a non-deterministic
feature. The advantage of this approach over conventional
KNN methods 1s its use of a spatial signature that incorpo-
rates both angle and distance, providing a more specific
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geometric constraint than distance alone. For example, con-
sider two Content Items, which share the same set of
K-Nearest Neighbors (KNN). In contrast, to KNN the
Hough-Inspired KNN Similarity Feature will not be equal
because of the difference 1n angles and distances to Land-
marks. Thus, this approach provides a more robust align-
ment mechanism than nearest neighbor approaches.

[0110] In a preferred embodiment, the system and meth-
ods utilize a two-stage approach to the use of deterministic
and non-deterministic features. The first stage uses deter-
ministic features to compile an exhaustive list of all potential
candidates sharing a specific trait (a high-recall step). The
second stage then uses non-deterministic features to pre-
cisely select the single correct match from that list (a
high-precision step), which drastically reduces false posi-
tives.

[0111] In a preferred embodiment, the system includes an
adaptive features database 130, as shown in FIG. 1, which
comprises a repository of candidate features, and the logic
required for their computation. The features within this
database 130 are indexed and organized according to Con-
tent Item type (e.g., number, date, percentage, DOM node 1n
HTML document, spreadsheet cell, etc.) and document type
(e.g., PDF, spreadsheet, HTML, Image, etc), enabling the
dynamic selection of one or more relevant features for any
given piece of content.

[0112] In this way, the type-specific architecture allows for
a nuanced and accurate feature extraction process. For
example, when processing a composite document such as a
PDF, the system identifies distinct Content Items within
1it—such as text blocks and embedded 1mages—and retrieves
from the database 130, separate feature sets tailored specifi-
cally for textual analysis and 1image analysis, respectively.

[0113] In another example when processing a spreadsheet
document, the feature vector for a spreadsheet cell 1s not
limited to merely 1ts rendered numeric or text value. The
adaptive features database 130 defines additional structural
and semantic features, including, but not limited to: a) the
cell’s absolute grid coordinates (e.g., row and column 1den-
fifiers), b) the underlying formula used to compute the cell’s
value, 1f present and c) formatting attributes or embedded
objects within the cell. The inclusion of the underlying
formula as a feature 1s particularly advantageous. For
instance, the formula can be one-hot encoded. This allows
the system to match corresponding cells across different
documents by comparing their underlying formulas, even
when the calculated values appear different. In doing so, this
method provides a more robust basis for document com-
parison than relying on rendered or computed content alone.

[0114] Thus, 1n operation, the system first 1dentifies the
type of a given Content Item (e.g., image, text, spreadsheet
cell, HTML Node) and subsequently queries the adaptive
features database 130 to retrieve the specific set of features
and computation methods prescribed for the content type
associated with a Content Item.

[0115] In a preferred embodiment, disclosed 1s a method
and system for the adaptive hierarchical standardization
component of certain values of a Content Item beyond exact
value. Such method and system receive a Content Item and
progressively generalizes said Content Item into a hierarchy
of i1ncreasingly abstract categories. The process utilizes a
data store of transformation rules and a deterministic, multi-
level algorithm to map a specific data value to a structural
class and subsequently to a broader semantic class. This
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facilitates the semantic matching of data objects that are
syntactically different but semantically equivalent.

[0116] The core of this hierarchical standardization 1s a set
of transformation rules stored in a data store, such as a
database or an mn-memory data structure. Each rule within
the set of transformation rules 1s a data structure defined by
a plurality of attributes. In an embodiment, said attributes
comprise:

[0117] a)a unique i1dentifier for referencing the rule, and

[0118] b) a matching pattern which constitutes the logic
for identifying a particular Content Item. In a preferred
embodiment, this 1s a Regular Expression (RegEx),
configured to i1dentily a specific data format within a
Content Item,

[0119] c¢) a standardized class name to be assigned to a
Content Item determined to conform to the matching

pattern. (e.g., the format MM/DD/YY YY) corresponds
to a class called ‘DATE MM/DD/YYYY’,

[0120] d) an identifier that links the rule to a superor-
dinate class in a predefined hierarchy, thereby creating
a relationship to a broader category. In other words, the

Parent Class Identifier for MM/DD/YYYY would be
DATE,
[0121] e¢) a numerical value, representing specificity
level; for instance, an integer, indicating the rule’s
precedence during evaluation. Rules with a higher

specificity level are configured to be evaluated before
rules with a lower specificity level.

[0122] For illustrative purposes, a rule may be configured
to identify United States currency formats (e.g., "$1d{1,3}
(\ {3})*\d{2}89), assigning a Class Identifier of CURREN-
CY_USD and linking to a Parent Class Identifier of CUR-
RENCY. Another rule may be configured to i1dentify date
formats (eg,] (0 [1-9]11 [O-2])/(O[1-9][12]\dI3  [01])
Wd{4}$), assigning a Class Identlﬁer of MM/DD/YYYY and
linking to a Parent Class Identifier of DATE.

[0123] In a preferred embodiment, several formats for
dates are utilized with a parent class, ‘DATE’. Thus, if two
dates exist within a document wﬂ;h differing formats the
hierarchical standardization will identify their difference
within documents. Thus, the date Oct. 21, 2025 and the date
1/1/25 will be standardized as “MMM dd, YYYY” and
“MM/dd/YY” respectively 1in the hierarchical standardiza-
tion. If a Second Content Document Variant has the same
date formats, as in the case of “Nov. 19, 2025 and “12/14/
257, these will be standardized as “MMM dd, YYYY” and

“MM/dd/YY” respectively 1n the hierarchical standardiza-
tion.

[0124] In a preferred embodiment, a method for standard-
1zing a Content Item by value 1s performed by one or more
processors executing instructions stored on a non-transitory
computer-readable medium. The method comprises the fol-
lowing steps:

[0125] a) a Content Item 1s evaluated by the one or more
processors for classification. For example, the system
may recerve evaluate the text “09/17/2025” from a First
Content Document and the text “Dec. 15, 2025 from
a Second Content Document,

[0126] b) a query 1s performed against a pre-compiled
lookup table or data store of known specific values to
determine if an exact match for the Content Item exists.
If said exact match 1s found, a pre-associated class
identifier 1s returned, and the process may terminate,
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[0127] c¢) If no exact match 1s found 1n the preceding
step, the system proceeds to iterate through the set of
hierarchical standardization rules. The iteration 1s
ordered according to the Specificity Level, from high-
est to lowest. For each rule, a determination 1s made as
to whether the Content Item conforms to the rule’s
matching pattern. For the exemplary mput “09/17/
20257 AND *12/15/25, the system would 1dentily a
match by standardizing each with the rule correspond-
ing to the MM/DD/YYYY date format. Upon 1denti-
fying a matching rule, the system assigns the corre-
sponding Class Identifier (Date_ MM/DD/YYYY) to
the Content Item. When two Content Items are com-
pared and both have the same Class Identifier (1n this
example, Date_Date MM/DD/YYYY), the pair of
Content Items become candidate matches which are
later checked for non-determimistic similarity in the
adaptive, global stepwise matching process. Note that
this 1s only the first step of matching-pass must pass a
non-deterministic similarity check, described herein to
be matched between documents.

[0128] Inapreferred embodiment, one or Content Items of
greater complexity, such as a full postal address, the match-
Ing process may mvolve composite rules wherein a primary
rule invokes a plurality of dependent sub-routines or rules to
parse and 1dentily constituent parts (e.g., STREET_AD-
DRESS, CITY, STATE, ZIP_CODE) prior to assigning a
final structural class.

[0129] In a preferred embodiment, the systems and meth-
ods are designed to be adaptive so that there 1s a mechanism
for updating the hierarchical standardization rule set based
on new, unrecognized values for Content Items. This 1s
accomplished through

[0130] a) failure logging-when a Content Item fails to
match any rule in the existing set (other than a catch-
all), 1t 1s logged as ““unclassified” and flagged for
review,

[0131] b) periodic rule generation where a system
administrator or a LLM reviews batches of unclassified
items to classity them, 1f they are regarded as similar,

[0132] c¢) human mput or LLM 1nput to manually con-
struct a new rule (defining the Pattern, ClassName,
ParentClass, and Specificity Level) to handle 1t and
similar future items,

[0133] d) a machine learning component can cluster
similar unclassified items and suggest a new regular
expression and classification, which 1s then approved
by an administrator before being added to the active
rule set. By systematically expanding the system’s
classification capabilities through additional hierarchi-
cal categories without requiring a code change the
system can evolve and improve 1ts accuracy and cov-
erage as 1t 1s exposed to new and varied data formats
which are translated into new rules.

[0134] In a preferred embodiment, Content Item values
may also be standardized through specific values. These can
consist of:

[0135] a) external-based values,

[0136] b) membership 1n a known or discovered set of
choices, or

[0137] c¢) predicted value.

[0138] For external values, Content Item’s identity 1is
confirmed by querying 1its value against a curated data store
of known entities, often referred to as a gazetteer. For
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example, a text value 1s checked against a database of known
company names, security identifiers, or industry-specific
codes to assign 1t a specific categorical feature. The mnven-
tion maintains such a gazetteer of related knowledge (e.g.,
customer names, addresses, mvestment vehicles), storing
cach with its associated label and known variants (e.g.,
“John Smith” and “John P. Smith™ are both labeled and

stored as “CustomerName”).

[0139] In a preferred embodiment, the disclosed system
and method determines 1f the value of a Content Item
belongs to a set of categorical choices derived from histori-
cal data. The potential values contained in this set for a
Content Item are referred to as a “Choice Set”. The system
constructs and expands this choice set 1n the following way.
Initially, the system may have a Content Item with the value
of ‘Approved’. Upon encountering a Content Item, with a
value such as ‘Pending’, which exists 1n a similar location as
measured by the non-deterministic location similarity mea-
sures such as Hough-Inspired KNN Similarity Feature, the
newly discovered value 1s submitted to a large language
model (LLM) for evaluation of sematic relatedness. If the
LLM confirms that the newly discovered value 1s related, 1t
1s automatically added to the Choice Set. The Choice Set
itself 1s one-hot encoded to differentiate 1t from other Choice
Sets 1n the document and to allow specific value standard-
ization for that Content Item (e.g. ‘Pending’ and ‘Approved’
would be standardized to a single one-hot encoded value,
‘Status’). Additionally, the specific value (‘Approved’ or
‘Pending’) itself 1s stored such that 1t may be extracted. In
this way, ‘Approved’ and ‘Pending’ are able to be aligned
because of their standardized value (and location similarity).
Moreover, actual extraction of the actual Content Item
values (‘Approved’ 1n one document and ‘Pending’ in
another document) are enabled. A key inventive aspect of
this process 1s 1ts ability to identify relatedness of the values
of Content Items rather than (lexical or non-lexical) simi-
larity. In the above example, ‘Pending’ i1s semantically
linked to ‘Approved’ but lexically dissimilar. The use of a
LLM to specifically identily relatedness overcomes the
limitations of conventional similarity-based methods that
would fail to recognize such a relationship, thereby provid-
ing a more robust and accurate method for handling previ-
ously unseen categorical data.

[0140] For illustration, in the context of the example
Content Items 1n the preceding paragraph, provided 1s an
example prompt for a LLM:

[0141] As a specialized Al tasked with evaluating the
semantic relatedness of categorical data, you will be
given an ‘existing value’ and a ‘new value.” Your sole
purpose 1s to determine 1f the ‘new value’ 1s semanti-
cally related to the ‘existing value’ in the context of a
potential set of choices. This means they could be
different categorical options for the same type of data.
(Given the 1nput:

{

“existing_ value”: “Approved”,
“new__value”: “Pending”

s

[0142] 1s “Pending” semantically related to “Approved”
as a potential categorical choice within a single data
field?
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[0143] Your response must be a single Boolean value
(true or false) with no additional text, explanation, or
punctuation. For example, 11 the answer 1s ‘true,” your
entire response should be true.

[0144] In another preferred embodiment, the disclosed
system and method standardizes Content Item values by
prediction, based on relationship to other Content Items or
based on document properties (herein referred to as rela-
tionship value standardization). For example, 1f a document
Content Item 1s a date, and that date has a value that occurs
a month-end and this 1s the first month-end date that occurs
alter a document’s creation date (stored in the documents
metadata), this becomes encoded as predicted value. For
example, a First Content Document created on Apr. 18, 2025
containing a date, Mar. 30, 2025, would have a predicted
value of “predicted: last month-end value preceding docu-
ment creation date”. A Second Content Document Variant,
created on Oct. 10, 2025 would be evaluated for the same
predicted feature and searched for a Content Item with a
value “predicted: last month-end value preceding document
creation date” calculated to be Sep. 30, 2025. It two Content
Items between documents share this feature (among other
deterministic features) and are located in a similar locations
based on the non-deterministic features described herein,
relative to their position on a document, these two are
matched 1n the alignment process.

[0145] A system and method are disclosed for quantita-
tively analysing and ranking features of Content Items
within a document or a collection of documents to identify
the most distinguishing content. In one embodiment, the
system 1s configured to calculate the Shannon entropy for a
plurality of features to determine their respective informa-
tion content and thereby their predictive power. Such rank-
ing 1s used both within the determination of Landmarks, and
in mforming the order of the adaptive, stepwise global
alignment of Content Items. Ranking features by entropy
provides a more eiflicient means of i1dentifying the most
umque Content Items as Landmarks (automatically identi-
fied global anchor points within a document). Additionally,
such ranking by entropy informs the order of adaptive,
stepwise global alignment of items so that generally, the
most unique 1tems are matched before less unique items
within the global alignment (of Content Items).

[0146] In a preferred embodiment, Content Items between
documents are compared to identily cases where a single
Content Item in one document might have been split into
two or more adjacent positions in the other document (e.g.,
for text, “Account Number” may exist in one document vs.
“Account” and “Number” existing adjacent to each other 1n
another document). Where Content Items are able to be
concatenated from one document to match single Content
Items 1in another document, these Content Items are concat-
cnated.

[0147] In a preferred embodiment, a key aspect of the
system and methods described herein 1s the order of per-
forming the adaptive, stepwise global alignment of Content
Items. This key aspect insures that such an alignment 1s
conducted 1n steps by matching more specific, more unique
Content Items before matching less specific, more general
Content Items. In this context, Shannon entropy 1s utilized to
determine the ordering of the adaptive, stepwise global
alignment so that the process proceeds from higher speci-
ficity (higher entropy) features to more general (lower
entropy) features. In a preferred embodiment, the process
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involves iterative alignment of Content Items contained in a
First Content Document and a Second Content Document
Varnant, carried out as follows.

[0148] Adter identitying Landmarks, as described herein,
the system then 1iteratively attempts to match the remaining
unmatched Content Items a step at a time. The iterative
matching proceeds 1n accordance with the ranked feature
list, progressing from highest to lowest entropy so that the
stepwise matching progresses from more specific matches to
less specific matches. In each iteration, all available features
are utilized, including lower-ranked deterministic features
and non-deterministic spatial relationships to previously
matched items. This approach provides advantages includ-
ing improved accuracy of matches due to progressive refine-
ment, and efliciency in resolving items based on available
structural and contextual mformation. As additional items
are matched, their spatial and structural relationships form a
dynamic contextual web. This contextual web provides
additional constraints and cues, thereby improving the accu-
racy of subsequent matching decisions. Because matching 1s
performed without replacement, the pool of candidate 1tems
available for matching progressively decreases. This shrink-
age 1n candidate space increases both the speed and reli-
ability of subsequent matches.

[0149] In the final step, the system evaluates similarity
across all features except standardized values. After Content
Items have been matched through the various Content Value
standardizations combined with deterministic and non-de-
terministic features (as described above), any remaining
unmatched Content Items undergo additional assessment.
This assessment process involves two stages:

[0150] (a) First, the system evaluates similarity across
deterministic and non-deterministic features while
excluding Content Item values (standardized or other-
wise) from consideration.

[0151] (b) Second, Content Item values are analysed
using either a Large Language Model (LLM) or human
input to 1dentily semantic relatedness (as distinguished
from similarity as described herein when Choice Set 1s
discussed).

[0152] In apreferred embodiment, where Landmarks exist
in differing order 1n a Second Content Document Variant, an
LLM 1s prompted to provide labels for Content Items.
Differing order 1s defined as a change in the rank order of the
vertical or horizontal coordinates of at least two correspond-
ing Landmarks between the First and Second Content Docu-
ment Varnants. Where such LLM prompting 1s used for
specific labeling of content, labels are one-hot encoded as
deterministic features as described herein.

[0153] In some embodiments, the method incorporates
narrow, targeted use of LLMs. Unlike conventional systems
that rely extensively on LLMs for brute force parsing, the
present invention employs LLMs selectively within defined
stages of the method. In certain embodiments, LLMs are
applied 1n four specific cases, described as follows.

[0154] Validating New Content: In one case, an LLM 1s
used for verilying new information 114 that the system
discovers. Such verification 1s particularly relevant for con-
tent that 1s semantically related, as described when discov-
ering new content for mclusion 1 a Choice Set 120.

[0155] New Content Labeling: In another case, an LLM 1s
used for labeling newly 1dentified content types to enrich the
system’s knowledge base. For example, 11 a “cc’d email” 1s
identified as a new, unmatched Content Item relative to a
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First Content Document, the LLM may assign the label “cc
email address™ or an equivalent designation 120.

[0156] Constrained Labeling of Reordered Content: In
some embodiments, when ordering of Landmarks between
the First Content Document and the Second Content Docu-
ment Variant 1s inconsistent, an LLM 1s employed to assign
labels 130 to the content. This labeling 1s performed as a
prompt feature within the adaptive features database 130. In
operation, a canonical label set 1s first generated from a
source document. When processing a variant, the LLM 1s
technically constrained to assign labels only from the pre-
defined canonical set. If unmatched content 1s encountered,
the LLM assigns a label beginning with “new label:” fol-
lowed by a description. For example: “new label: YTD
return.” This constrained, forced-choice classification pro-
cess overcomes the non-deterministic tendencies of uncon-
strained LLMs. The generated labels for both the First
Content Document and the Second Content Document Vari-
ant are then one-hot encoded as deterministic features,
ensuring robust and consistent representation between the
documents.

[0157] Abstracted Prompts: In further embodiments, an
LLM 1s prompted 118 to generate an abstracted prompt for
LLM extraction. Such prompts may be generated for groups
of related First Content Documents, Second Content Docu-
ment Variants, and second content variants.

[0158] Relationships Discovered: In additional aspects,
relationships discovered during the process include, but are
not limited to: (1) i1dentifying formulaic relationships
between numbers which may be used as features 132, and
(11) expanding the categories used for standardization,
thereby expanding hierarchical features 132.

[0159] In a preferred embodiment, the system employs a
bi-directional validation of any prompts generated across
Document Extraction Sets. This 1s referred to as a Bi-
Directional Prompt Validation as described next. Abstracted
prompts developed using an LLM are validated 114 via the
same content matching process that preceded prompt cre-
ation. Thus, such abstracted prompts are tested individually,
on sample First Content Documents, Second Content Docu-
ment Variants and their vanants using the adaptive, stepwise
global alignment process described herein along with their
corresponding Document Extraction Sets.

[0160] Where prompts fail to extract content accurately 1n
this test phase, they are iteratively 1) manually altered or 2)
sent to an LLM for revision (120). If no prompt 1s success-
tully 1dentified after multiple iterations, this 1s noted in the
Document Extraction Set (126) and subsequent document
extraction “falls back™ to the alignment-based extraction
from each Document Extraction Set. The described bi-
directional use of content matching to generate LLM
prompts, and then using that matching process to validate an
abstracted prompt’s output, provides a feedback loop usetul
in reducing errors, especially with respect to LLM halluci-
nations.

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENT

(L]
Y

[0161] In a preferred embodiment of the invention, a
method for extracting content from electronic documents 1s
disclosed. The method 1s implemented using a data extrac-
tion system 200 depicted 1n FIG. 2. Referring to FIG. 1, the
method 100 1s 1mitiated when a target digital document 1s
received 102. Upon receipt, the system 200 parses the
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document 1nto a plurality of Content Items. For each Content
Item, a comprehensive feature profile 1s generated by access-
ing an adaptive features database 130. These features are
subsequently ranked by significance, for instance, by calcu-
lating their Shannon entropy. Utilizing the features with the
highest rank by Shannon entropy, the system 200 1dentifies
a set of Landmarks within the document 104. In some
aspects, Landmarks are defined as distinctive, machine-
readable content with a globally unique location, which may
include unique strings, structural elements, or specific for-
matting patterns.

[0162] Following Landmark identification, the system 200
accesses a datastore that contains a plurality of Document
Extraction Sets 126. The system 200 then iteratively com-
pares these Document Extraction Sets 106 to the target
document. Each set within the datastore includes a reference
document, referred to as a First Content Document. The
system 200 compares the Landmarks identified in the target
document with intersecting Landmarks from each First
Content Document to determine the closest match.

[0163] To quantily the degree of similarity, the system 200
calculates a spatial distortion score as a component of the
comparison 106. This calculation involves identilying com-
mon unique content, or itersecting candidate Landmarks,
between the incoming target document and the First Content
Document. Subsequently, positional outliers among the
identified Landmarks are removed using a Mahalanobis
Distance calculation. Finally, a Simplified Procrustes Dis-
tance 1s performed on the remaining Landmarks to compute
a final score, which quantifies the geometric similarity or
dissimilarity between the spatial arrangements of the Land-
marks 1n the two compared documents.

[0164] The system 200 then evaluates the highest similar-
ity score, which corresponds to the lowest Procrustes score,
against a predetermined threshold to match a document

Feature

Value
Type
Font

Size
Semantic
Feature

Positional

Feature

Spatial Vector

extraction set 108. If the score 1s determined to be the lowest
among all compared documents within a document extrac-
tion set Grouping and 1s also below a pre-specified thresh-
old, the document 1s tlagged as a match. The document

Stage

1. Deterministic
Matching

2. Non-

Deterministic
Scoring

First Step -
Test by Value 1,314,881
Second Step -  d, ddd, ddd wvs.
Test By d, ddd, ddd

Format
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extraction set containing the best-matching First Content
Document 1s then retrieved and passed, along with the target
document, to an alignment stage 110.

[0165] If the calculated score 1s above the pre-specified
threshold, the document 1s flagged as a new, unmatched
document. In this case, the system proceeds to create a new
Document Extraction Set 120. This new set 1s configured
according to user-provided specifications for the content to
be extracted, which may include targets, labels, transforma-
tions, and formatting rules 122. Based on these specifica-
tions, content 1s extracted 112, validated 114, and formatted
116, after which the extracted content 1s saved. The newly
created Document Extraction Set, containing all specifica-
tions, 1s saved to the document extraction sets database 126
for subsequent use.

[0166] For a matched pair of documents, the system 200
performs an adaptive, stepwise global alignment 110. As
disclosed 1n preceding embodiments, the alignment process
110 1s guided by the previously computed and ranked
features. The alignment 1s 1nitiated by seeding, wherein
initial Landmarks are established using high-confidence,
distinct, matches between Content Items in documents to
ground the alignment between documents globally. These
Landmarks are 1dentified either by using intersecting content
with the highest Shannon entropy or through a heuristic
method, such as i1dentitying content that 1s unique within
cach document and also intersects between both documents.

[0167] An illustrative matching process between two can-
didate Content Items 1s provided 1n the tables below. Table
2 shows the feature profiles for a Content Item from a First

Content Document and a Content Item from a Second
Content Document.

TABL.

T
.

Content Item from Document 1 Content Item from Document 2

1,301,987 1,314,881
Numeric, hierarchical Numeric, hierarchical
(Garamond (Garamond

length: 0.065, height: 0.020
“Is second value in formula2”

length: 0.069, height: 0.021
“Is second value in formula2”

“On same line as ‘Ending Market “Is on same line as ‘Ending Market
Value®” Value™

0.26, 0.08, 0.52, 0.12, 0.22, 0.18  0.27, 0.08, 0.51, 0.12, 0.24, 0.20

[0168] Table 3 describes the stages of the matching pro-
cess for the two Content Items detailed 1n Table 2. The
process includes a hierarchical deterministic matching stage
followed by a non-deterministic similarity scoring stage.

TABLE 3
Step Comparison Result
Fail. Literal values are different.

1,301,987 vs.

Pass. The numeric pattern matches.
The pair proceeds to non-
deterministic analysis.

Size Simularity Euclidean distance of  Pass. The calculated distance of

(0.065, 0.020) vs.
(0.069, 0.021)

approximately 0.00412 is below
the predefined tolerance threshold.
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TABLE 3-continued

Stage Step Comparison Result

Spatial Vector
Similarity
threshold.

vectors

[0169] Because the two Content Items successiully passed
the deterministic feature check and their non-deterministic
teatures yielded the lowest distance scores among all other
potential candidates while remaining within the predeter-
mined thresholds, the pair 1s confirmed as a match.

[0170] In a preferred embodiment, unmapped Content
Items are LLM or human labeled. ITf Content Items are not
aligned by the adaptive, stepwise global alignment, 110,
such content 1s tlagged. If such tlagged content 1s desired to
be extracted, the system 200 modifies the document extrac-
tion set 120 via a human or the prompting of an LLM where
such content 1s labeled, and additional specifications are
provided to identify such content, create validations for it
and specily any transformations to be applied to such
extracted content along with format.

[0171] Regardless of modification 1n 120, 1n the case that
any validation fails validation, this 1s noted 1n a file that 1s
saved to the structured extracted content database 124. Thus,
this database stores full extracted content, partially extracted
content, or a file specitying that no content was able to be
extracted, along with the results of the validations that

failed.

[0172] In a preferred embodiment, content 1s aligned, and
extracted and which passes validation 1s moved to a process
of transformation and formatting. This part of the system,
referred to as transform and format extracted content 116, 1s
labeled. This process uses the specifications from the
matched document extraction set to apply any desired trans-
formations, and output for the final, structured data which 1s
then saved 1n the structured extracted content database 124.
For example, a document extraction set may specily that
dates are to be converted to desired format.

[0173] In a preferred embodiment, from time to time, the
system 200 executes a process called abstracted prompt
generation 118 which generates a prompt using 1) the top n
ranked features, 2) past extraction results and 3) past docu-
ments from one or more document extraction sets to prompt
an LLM to generate a new, generalized data extraction
prompt which can be utilized across multiple document
extraction sets. The new prompt can then be used in the
future to extract content by prompt 128. A bi-directional
validation 1s performed by testing the newly generated
prompt against the output derived from the results from the
alignment-based extraction process. This feedback loop
allows the system 200 to continuously refine 1ts models and
adapt to new document variations. Both successtul and

unsuccessiul prompts are stored in the document extraction
set 126 for future reference.

[0174] According to an exemplary embodiment, the pres-
ent mvention 1s implemented within the data extraction
system 200, configured to perform the adaptive content
extraction methods described herein. As illustrated 1n FIG.
2, the system 200 comprises a main component 218 com-
municatively coupled with a user device 212 via a network

216.
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Fuclidean distance of Pass. The normalized distance of
Hough-Inspired KNN  0.0455 1s below its predefined

[0175] The user device 212 provides an interface for an
administrator or user to interact with the system 200. The
user device 212 includes a processor 204, memory 210, a
network interface 202 for communication over the network
216, and a display 206. The memory 210 stores an admin-
1stration component 208, which comprises instructions that,
when executed by the processor 204, provide a user interface
for submitting documents to the system, specitying or modi-
tying document extraction sets, defining target content and

formatting rules, and reviewing extracted data presented on
the display 206.

[0176] In various aspects, the main component 218 1s the
central processing apparatus of the system. It includes at
least one processor 222, a network interface 220, a database
224, and a non-transitory computer-readable memory 226.
The memory 226 stores a plurality of executable software
components which, when executed by the processor 222, are
configured to perform the core functionalities of the inven-
tion. The processor 222 1s a specially programmed or
configured processor for executing the steps of the method.
These executable software components include:

[0177] (a) A features component 228: This component
parses documents to generate a comprehensive feature
profile for each Content Item. The features component
228 1s configured for creating both deterministic and
non-deterministic features and for calculating the Shan-
non entropy of each feature type to create a ranked list
for guiding the alignment process.

[0178] (b) A Landmark identification component 230:
This component uses the highest-ranked features from
the features component 228 to identily and match
distinct, high-confidence Landmark Content Items that
serve as a structural foundation for alignment between
documents. The Landmark i1dentification process uses

Euclidean distance to verity the similarity of position-

ing of Candidate Landmarks between documents and

removes outliers from Candidate Landmarks within
documents using a Mahalanobis distance calculation
exceeding a threshold.

[0179] (c¢) A document similarity scoring component
232: This component performs the shape consistency
analysis (point consistency), such as Simplified Pro-
crustes Distance, on the spatial arrangement of Land-
marks to calculate a similanty score between docu-
ments and route an incoming document to the most
similar First Content Document (above a predetermine
threshold) in a Document Extraction Set

[0180] (d) A Standardization Component 234: This
component performs the adaptive hierarchical stan-
dardization of Content Items to generalize them into a
hierarchy of abstract categories. It maps a specific data
value to a structural class and then to a broader seman-
tic class using a data store of transformation rules. It
also standardizes values based on external data sources,
membership 1n known choice sets, or predicted values.
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[0181] (e) Content Concatenation Component 236: This
component compares Content Items between docu-
ments to 1dentily instances where a single item 1n one
document might correspond to two or more adjacent
items 1n the other document, such as “Account Num-
ber” being split into “Account” and “Number”. When
such matches are identified, the component concat-

he split Content Items.

enates

[0182] (1) Adaptive, Stepwise Global Alignment Com-
ponent 238: This component performs the adaptive,
stepwise global alignment of Content Items. It matches
more specific (higher entropy) and unique Content
Items before matching less specific ones. The process 1s
iterative, using a ranked feature list from highest to
lowest entropy. It utilizes both deterministic and non-
deterministic features, along with spatial relationships
to previously matched items, to progressively refine

matching and enhance accuracy.

[0183] (g) Targeted LLM Component 240: This com-
ponent manages all strategic interactions with external
Large Language Models (LLMs) via the network inter-
face 220. Its functions include validating new content,
generating labels for ambiguous i1tems, creating
abstracted extraction prompts, and handling con-
strained labeling of reordered content by assigning
labels from a predefined canonical set. It tests the
accuracy of an LLM-generated prompt by comparing
its output against the results produced by the adaptive,
stepwise global alignment component 238.

[0184] (h) Bi-directional Prompt Validation Component
242: This component implements a feedback loop to
validate LLM-generated prompts. It tests the accuracy
of a new prompt by comparing its output against the
results produced by the adaptive, stepwise global align-
ment component. This process helps reduce errors,
particularly those related to LLM hallucinations.

[0185] The user device 212 1s a computing device includ-
ing at least one processor, a memory, and a network inter-
tace. Examples of the user device 212 include, but are not
limited to, a personal computer (“PC”), a desktop worksta-
tion, a laptop, a notebook, a smartphone, a wearable com-
puting device (such as a smartwatch, a smart glass, or a
virtual reality head-mounted display), a personal digital
assistant (“PDA”), an electronic-book reader, a game con-
sole, a set-top box, a consumer electronics device, a smart
home appliance, a server computer, or any other computing,
device configured to communicate with the main component
218 of the data extraction system via a network. The network
216 1s a data communication network, which can be a
local-area network (“LAN”), a wide-area network
(“WAN™), a cellular network, a satellite network, or any
other networking topology, including the Internet, that facili-
tates communication between the user device 212 and the
main component 218.

What 1s claimed 1s:

1. A computer-implemented method for extracting content
from electronic documents, the method comprising:

(a) receiving a first electronic document and a second
electronic document;

(b) generating a comprehensive feature profile for each of
a plurality of content 1tems within the first and second
documents, the feature profile comprising a set of
deterministic and non-deterministic features;
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(¢) calculating a Shannon entropy score for each feature
to rank the features by their discriminating power;

(d) i1dentiiying a set of Landmarks common to both
documents by matching intersecting content 1tems with
the highest-ranked features, wherein the Landmarks are
globally distinct within each document and serve as
anchor points for alignment;

(¢) performing an adaptive, stepwise global alignment of
unmatched content 1items between the documents, com-
prising;:

(a) iteratively matching content items in a sequence

guided by their feature ranking, from highest-en-
tropy features to lowest-entropy features;

(b) for each match, using deterministic features to
identify a plurality of candidate matches and then
using non-determimstic features to select a single,
geometrically coherent match from the candidates;

(c) utilizing the spatial relationships of progressively
matched items to refine and enhance the accuracy of
subsequent matches;

(1) 1dentifying one or more target content items for
extraction from the first document; and

(g) extracting and outputting content from the matched
content 1items 1n the second document 1n a structured
format.

2. The method of claim 1, wheremn identifying a set of
Landmarks further comprises applying a heuristic method to
identily Content Items that are distinct, such as Content
Items occurring one or two times, having locations that
exceed a predetermined Euclidean distance within each
document, and also share a similar spatial location between
documents.

3. The method of claim 1, wherein the deterministic
features comprise one or more of:

(a) an exact value of the Content Item, or a standardized
variant thereol as determined by one or more of hier-
archical standardization, external value standardiza-
tion, relationship value standardization, predicted stan-
dardization, Choice Set standardization and the like;

(b) a relational feature describing a mathematical or
logical relationship between a plurality of Content
Items, which 1s represented as a one-hot encoded
vectlor;

(¢) an evidence-based feature that represents a formulaic
relationship updated by new evidence discovered 1n a
document; and

(d) a converted feature wherein a non-deterministic spa-
tial metric has been transformed 1nto a discrete Boolean
feature.

4. The method of claim 1, wherein the non-deterministic
features comprise one or more of:

(a) a size of the Content Item:;
(b) a FEuclidean distance to other nearby Content Items; or

(c) a distance and angle relative to one or more Land-
marks.

5. The method of claim 1, wherein the stepwise global
alignment of step (1) 1s a two-stage process comprising:

(a) using the deterministic features to identily an initial
plurality of candidate Content Item matches from the
second electronic document which match a Content
[tem from the first electronic document; and
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(b) using the non-deterministic features, including spatial
metrics relative to the Landmarks, to select a single
correct match from the plurality of candidate Content
Item matches.

6. The method of claim 5, wherein using the non-deter-
minmistic features further comprises applying a Hough-In-
spired KINN Similarity to score the geometric coherence of
cach candidate match based on 1ts directed angle and dis-
tance to a plurality of Landmarks.

7. The method of claim 1, wherein the set of features for
cach Content Item further includes a relationship value
standardization feature that 1s a determined by the proces-
sors to describe a role i a discovered relationship, and
wherein said relational feature 1s represented as a one-hot
encoded vector.

8. The method of claim 1, further comprising standard-
izing a Content Item by a value and assigning a class
identifier thereto, wherein said standardization 1s performed
by a hierarchical standardization process that progressively
generalizes the Content Item into a hierarchy of increasingly
abstract categories.

9. The method of claim 1, wherein the content 1n the First
Content Document 1s matched to concatenated content 1n a
second electronic document or second electronic document
variant.

10. The method of claim 1, wherein the set of features
turther includes a knowledge-based feature indicating mem-
bership 1n a known historical choice set, and wherein said
historical choice set 1s represented using a one-hot encoding,
scheme.

11. The method of claim 10, further comprising:

(a) upon 1dentifying a Content Item 1n the second elec-
tronic document, that 1s a candidate for membership in
a choice set, providing the value for said candidate

Content Item and existing members of the choice set to
a Large Language Model (LLM); and

(b) based on the LLM’s determination that the candidate
Content Item 1s semantically related to the existing
members—as distinguished from being lexically simi-
lar—automatically adding the candidate Content Item
to the historical choice set 1n a data storage device.

12. The method of claim 1, further comprising;:

(a) maintaining a knowledge base of hypothesized rela-
tionships, said relationships comprising a set of poten-
tial relational models applicable to a target set of
Content Items;

(b) analysing a subsequent electronic document to 1den-
tify new evidence that resolves an ambiguity mn a
specific hypothesis;

(¢) updating the knowledge base by selecting a specific,
correct relationship from the set based on the resolved
ambiguity; and

(d) applying the selected specific relationship as a con-
textual relational feature to improve the accuracy of a
subsequent stepwise global alignment.

13. A computer-implemented method for routing an
incoming electronic document to the most similar First
Content Document from a collection of stored First Content
Documents, the method comprising:
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(a) for each First Content Document in the collection,
performing a comparison against the incoming docu-
ment by:

(1) 1dentifying a set of intersecting candidate Content
[tems between documents, defined as Landmarks,
present 1n both the mmcoming document and the
current First Content Document;

(11) applying a Mahalanobis Distance to the normalized
positions of the common Content Items to identify
and remove one or more spatial outlier Content Items
from the set; and

(111) performing a consistency analysis on the location
of the filtered set of non-outlier Landmarks by cal-
culating a Simplified Procrustes Distance, wherein
said score quantifies the similarity 1n the geometric
arrangement of the Landmarks; and

(b) selecting the First Content Document that yields the
lowest spatial distortion score that 1s below a predeter-
mined threshold to serve as the reference document for
subsequent content extraction; and

(¢) creating a new Document Extraction Set 1f there are no
First Content Documents that yield a spatial distortion
score below a predetermined threshold.

14. A system for extracting content from electronic docu-
ments, the system comprising:

(a) a data storage device; and

(b) one or more processors, 1n communication with the
data storage device, the processors configured to:

(1) store a reference electronic document comprising a
plurality of reference Content Items, each having a
set of features, wherein said set of features includes
features from an adaptive hierarchical standardiza-
tion process;

(11) receive a new electronic document contaiming a
plurality of new Content Items;

(111) 1dentify a set of high-confidence Landmarks com-
mon to both the reference and new electronic docu-
ments based on feature matching at a high level of
specificity;

(1v) perform a stepwise global alignment of the new
Content Items against the reference Content Items,
using the Landmarks as a spatial basis for matching

remaining Content Items to corresponding reference
Content Items; and

(v) based on said alignment, extract content from new
Content Items that correspond to predefined target
Content Items in the reference document.

15. The system of claim 14, wherein the one or more
processors are lurther configured to utilize a Large Lan-
guage Model (LLM) to generate descriptive labels for
Content Items 1n the new electronic document by analyzing
text within the document that i1s proximate to said Content
Items.

16. The system of claim 14, wherein the set of features
turther includes relational features discovered between Con-
tent Items, including mathematical or structural relation-
ships, said relational features being represented as one-hot
encoded vectors for use in the stepwise global alignment.

17. The system of claim 14, wherein the one or more
processors are further configured to:

‘erent

(a) generate a plurality of extraction results from di
electronic documents;
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(b) provide the extraction results to a Large Language
Model (LLM) to generate a generalized extraction
prompt; and

(c) store the generalized extraction prompt in the data
storage device for use 1n processing future documents.

18. A non-transitory computer-readable medium having

instructions stored thereon, which, when executed by one or
more processors, cause the one or more processors to
perform a method comprising:

(a) for each of a plurality of Content Items 1n a first
clectronic document, generating a feature profile com-
prising deterministic features and non-deterministic
features:

(b) for each feature type, calculating a Shannon entropy
score and ranking the feature types from most discrimi-
nating to least discriminating;

(c) recerving a second electronic document;

(d) identifying a set of Landmarks that are common to the

first and second electronic documents by matching
based on the highest-ranked feature(s); and
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(¢) performing an iterative stepwise global alignment of
remaining Content Items, wherein each iteration uses
the next-ranked feature type, in addition to other fea-
tures, and spatial relationships to previously aligned
items to 1dentily matches, and wherein content corre-
sponding to predefined target items 1s extracted from
the second document based on the alignment.

19. The method of claim 1, further comprising:

(a) 1dentifying a second electronic document variant,
wherein a rank order of vertical or horizontal coordi-
nates of at least two corresponding Landmarks 1is
inconsistent compared to the First Content Document;

(b) providing a predefined canonical label set to a Large
Language Model (LLM) as a constraint; and

(¢) employing the LLM to assign a label from the pre-
defined canonical label set to one or more Content

Items 1n the second electronic document variant to
facilitate the stepwise global alignment.
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