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Abstract

Developing document understanding models
at enterprise scale requires large, diverse, and
well-annotated datasets spanning a wide range
of document types. However, collecting such
data is prohibitively expensive due to privacy
constraints, legal restrictions, and the sheer vol-
ume of manual annotation needed - costs that
can scale into millions of dollars. We intro-
duce FlexDoc, a scalable synthetic data gen-
eration framework that combines Stochastic
Schemas and Parameterized Sampling to pro-
duce realistic, multilingual semi-structured doc-
uments with rich annotations. By probabilis-
tically modeling layout patterns, visual struc-
ture, and content variability, FlexDoc enables
the controlled generation of diverse document
variants at scale. Experiments on Key Infor-
mation Extraction (KIE) tasks demonstrate that
FlexDoc-generated data improves the absolute
F1 Score by up to 11% when used to augment
real datasets, while reducing annotation effort
by over 90% compared to traditional hard-
template methods. The solution is in active
deployment, where it has accelerated the de-
velopment of enterprise-grade document under-
standing models while significantly reducing
data acquisition and annotation costs.

1 Introduction

1.1 Document Understanding

Document Understanding refers to the task of au-
tomatically interpreting and extracting structured
information from documents that combine text, lay-
out, and visual elements (Agarwal et al., 2025b;
Agarwal and Pachauri, 2023). Unlike plain-text
NLP, it requires reasoning over both content and
structure, making it inherently multimodal. In en-
terprise and industrial settings, this capability en-
ables critical workflows such as invoice processing,
claims automation, identity verification, and com-
pliance auditing. Common applications include
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key information extraction, document classifica-
tion, and form or table understanding - tasks that
are especially relevant in data-intensive domains
like finance, healthcare, insurance, and business
process automation (Pattnayak et al., 2024, 2025b;
Panda et al., 2025a,b).

1.2 Multi-Modal Document Understanding
Models

The spatial position and context of elements are
critical for document understanding. Recent multi-
modal models (Xu et al., 2020; Yang et al., 2017;
Katti et al., 2018; Huang et al., 2022) combine
textual, visual, and positional features to capture
both content and layout. Vision-language models
like Phi-4-Multimodal (Microsoft, 2024), Qwen-
VL (Bai et al., 2023a) and LLaVA (Liu et al.,
2023b) further improve spatial reasoning through
techniques like M-RoPE and image-text alignment.
Training these models, however, requires large,
diverse annotated datasets - often impractical to
collect due to privacy, legal, and cost constraints.
Synthetic data generation offers a scalable alter-
native, enabling controlled generation without the
limitations of real-world data acquisition.

1.3 Hard Template Based Document
Generators

A common approach to synthetic document gener-
ation uses hard template-based methods (Monsur
et al., 2023; Capobianco and Marinai, 2017; Gupte
et al., 2021; Agarwal et al., 2024b,a). This typi-
cally involves collecting real documents, manually
annotating and whiting out sensitive values (e.g.,
names, addresses), and replacing them with type-
consistent fake values, as illustrated in Figure 5 in
appendix. While effective for highly structured doc-
uments such as IDs and passports (Monsur et al.,
2023; Cui, 2021; Guillaume Jaume, 2019; Li et al.,
2021; Shi et al., 2017; Xu et al., 2021; Zhang et al.,
2021; Luo et al., 2023; Lee et al., 2022; Patel et al.,
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Figure 1: Typical patterns in an invoice

2024; Agarwal et al., 2024c), this method has no-
table limitations when applied to semi-structured
documents. The layout diversity is constrained by
the original templates, limiting positional variation
of fields like merchant names or table sizes (Hong
et al., 2022). Predefined whiteout regions often fail
to accommodate longer replacement values, and
inserting new content can degrade visual fidelity.
Moreover, the approach is difficult to scale, as each
template requires collecting and manually annotat-
ing real documents. Figure 5 in appendix describes
the hard template based approach with an example.

1.4 Privacy

Data collection and its use is subject to several pri-
vacy challenges, including but not limited to data
use restrictions, data regulations such as GDPR
and ethical considerations to ensure diverse rep-
resentations while avoiding bias. Models trained
on real-world data may also inadvertently reveal
private information during inference.

To address the above challenges, we introduce
FlexDoc - a framework to generate diverse, multi-
lingual, annotated synthetic document datasets for
training Document Understanding models. Specifi-
cally:

* We introduce a novel algorithm called Param-
eterized Sampling centered around Stochas-
tic Schemas which can generate hundreds
of thousands of unique semi-structured docu-
ments using a single definition, along with an-
notations (key value labels, bounding boxes,
document types, table boundaries etc.) with

guaranteed accuracy.

* We also present a novel Dynamic Virtual
Grid Algorithm that organizes document el-
ements into non-overlapping regions while
enhancing visual diversity.

* The generation process uses a fake value gen-
erator, eliminating privacy risks and can be
configured for locale-specific tuning.

* The pipeline is multilingual. The same
stochastic schema written in English can be
used to generate documents in different lan-
guages by switching just two simple configu-
rations.

2 Related Work

Recent work has explored using large language
models (LLMs) for synthetic data generation. Dua
et al. (2025) introduced an end to end pipeline
for generating synthetic data for training speech
models using LLMs and speech audio genera-
tion and voice standardization models. Josifoski
et al. (2023) introduced SynthIE, prompting LLMs
to generate input-output pairs for information
extraction (IE) without labeled data. GuideX
(De La Fuente et al., 2025) generates schema-
guided examples for fine-tuning LLaMA 3.1 (Pat-
tnayak et al., 2025a; Agarwal et al., 2025a), while
Bhattacharyya and Tripathi (2024) distill soft la-
bels from multimodal models like Claude 3 into
compact KIE models. In specialized domains, Woo
et al. (2024) synthesize clinical Q&A pairs, show-
ing that distilled models can rival their teachers.
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Figure 2: High-Level description of FlexDoc for generating Synthetic Annotated Documents

For visually rich documents, most approaches
rely on hard templates. SynthNID (Monsur et al.,
2023) overlays fake values onto ID templates,
while Genalog (Gupte et al., 2021) uses HTM-
L/CSS templates with synthetic content and degra-
dation steps. Raman et al. (2022) explored varia-
tional templates by treating document components
as random variables, though their scope was limited
to layout recognition.

On the modeling side, LayoutLM (Xu et al.,
2020; Huang et al., 2022) pioneered multimodal
pretraining with text and layout features. More re-
cent models like Qwen-VL 2.5 (Bai et al., 2023b),
LLaMA 3.2 Vision, Phi-4 Multimodal (Microsoft,
2024), and LLaVA (Liu et al., 2023a) advance spa-
tial reasoning through visual-text alignment and
hard negative mining (Meghwani et al., 2025).
GPT-40 (OpenAl et al., 2024; Chen et al., 2025;
Yan et al., 2025) introduces native image genera-
tion with improved attribute binding and text clarity,
though it lacks fine-grained control and diversity
beyond prompt variations.

3 Methodology

The subsequent sections detail the rationale behind
FlexDoc and systematically explain its components.
The detailed algorithm is described in Figure 4 in
appendix.

3.1 Intuition

3.1.1 Patterns in Semi-Structured Documents

The format of information within semi-structured
documents like invoices and receipts often adheres
to identifiable patterns. Typically, the data within
such documents tends to display the following char-
acteristics:

1. Documents contain known identifiable ele-
ments (e.g., Merchant Name, Invoice Date)
with specific types (text, date, number). We
refer to each as an entity, and its value as the
entity value.

2. Entities typically follow specific header texts
(e.g., Merchant Name, Sold by), which guide
accurate identification. We call this the entity
header.

3. Entities are grouped (e.g., Merchant Details,
Invoice Details), forming entity groups.

4. These groups may also be introduced by
header text (e.g., Seller Information), called
entity group headers.

5. Documents exhibit structured layouts with
consistent fonts, colors, and alignments across
entities and groups.

Figure 1 describes such properties with an example
invoice.
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3.1.2 Variations in Semi-Structured
Documents

While semi-structured documents often follow rec-
ognizable patterns, they also exhibit significant
variation in entities, entity groups, headers, and
layout structures - adding complexity to document
understanding. Based on our analysis across di-
verse document types, we observe the following
variations:

1. Entity groups can appear anywhere on the
page (e.g., Merchant Details may be at the top
or bottom).

2. Placement within a section is not fixed (e.g.,
Customer Details may appear top-left, top-
right, or center).

3. Some documents may omit certain entity
groups (e.g., Shipping Details or Payment
Terms may be absent).

4. Not all entity groups include headers (e.g.,
Merchant Details may lack a header).

5. Headers, if present, vary in wording (e.g., Cus-
tomer Details may appear as Buyer Details
or Client Details).

6. Entity groups can be formatted differently -
stacked, tabular (vertical/horizontal), or mixed
- with varied table structures and formatting.

7. Some entities may be missing (e.g., Invoice
Due Date or Purchase Order Number).

8. Entities may or may not have headers (e.g.,
Customer Name might lack a label).

9. Headers for entities vary in wording (e.g.,
Subtotal vs. Sub-Total Amount).

10. The order of entities within a group is incon-
sistent (e.g., email and phone order varies in
Customer Details).

11. Fonts and colors differ across documents and
between entity headers, group headers, and
values.

12. Entity values differ widely (e.g., different cus-
tomer names).

13. Entities may be left, right, or center-aligned
based on context.

Figure 6 in appendix depicts these variations by
comparing two invoices side by side.
3.2 Framework/Algorithm

The FlexDoc algorithm, described in Figure 2, con-
sists of three major components: A Stochastic

Schema, a Parameterized Sampling algorithm,
and a Document Rendering algorithm.

3.2.1 Stochastic Schema

Building on identified patterns and variations, we
construct stochastic schemas - where element prop-
erties are defined as random variables, with either
specified distributions or value ranges. For exam-
ple, rather than fixing the number of rows in the
Item Details table, we use a uniform distribution
and sample a value at generation time.

Stochastic schemas can also define the presence
of elements probabilistically. For instance, the Cus-
tomer Phone Number entity may appear in a doc-
ument based on a predefined probability, reflect-
ing real-world variability. Additionally, stochastic
schemas specify style and structural attributes - like
fonts, colors, and grid layouts - under a shared con-
figuration.

A document can be defined by a stochastic
schema 7;, consisting of entity groups G =

{G1,...,Gk}. Each entity group G} is defined
as:
Gr, = (& Hies Prs )
o & ={ex1,...,ern}: setof entities

* H;: set of possible group headers
* pi € [0, 1]: probability of group appearance
* a: layout attributes (e.g., preferred sections,

alignment, table format)

Each entity ey; € & is a tuple:

eki = (Thi, Hiir Pris Bri)

» T},: entity type (e.g., name, address)
e H;;: header label variants
* pi; € [0, 1]: probability of entity appearance

* Bi: visual/layout attributes

These schemas, defined as JSONSs, serve as loose
specifications. At runtime, the algorithm sam-
ples from various distributions to generate diverse
document permutations, enabling the creation of
hundreds of thousands of unique documents. Ap-
pendix B provides an example of an entity group
definition and describes related attributes and style
configuration.
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Figure 3: Dynamic Virtual Grid Algorithm

3.2.2 Parameterized Sampling Algorithm

Entity Fake Value Generation: Entity values
are generated using a type-specific value generator:

Vi = f1,,(0)

where fr,, denotes a generator function selected
based on the entity type T};, and 8 includes genera-
tion parameters such as locale, format, and value
constraints.

To implement this, we use the Python library
Faker (Faraglia, 2014), along with custom fake
value generators. Faker supports generating syn-
thetic data for various entities (e.g., names, ad-
dresses, phone numbers) across multiple locales.

Each stochastic schema includes a generator
class defined within the same JSON schema. A
typical generator class definition is shown below:

"fake_value_generator_class":
"utils.doc_generator.InvoiceGenerator”

The type of each entity defined in stochastic
schema is utilized by the generator class to pro-
duce entity values. For e.g. a merchant name may
be of type name, while a merchant address may be
of type address.

Attribute Sampling: We utilize a sampling al-
gorithm to freeze the stochastic definitions defined
in the schema. Each instance of sampling these
attributes generates a document permutation. A
document permutation is a frozen outline of all the
stochastic attributes required in a document. From
a single stochastic schema, thousands of distinct
document permutations can be generated. An in-
stance of a document permutation is created by
simply replacing fake values for each entity.

A document permutation 7, is generated by
freezing the stochastic schema S:

Tp = { Gk, exilGr, Vki, ok, Bri, Hy, Hiis - - .}

where each component - entity/group presence,
value, layout, and style - is sampled from schema-
defined probabilities or distributions.

Table 7 in appendix describes the techniques
used to sample the attributes in stochastic schema.

Dynamic Virtual Grid Algorithm: Documents
often consist of multiple sections, each of which
may contain numerous entity groups. While at-
tribute sampling determines the designated section
for each entity group, placing those groups within
the sections and writing on the canvas poses several
challenges: random positioning can cause overlaps,
fixed sizes limit layout flexibility, and sequential
placement may disrupt alignment.

To address this, we introduce a Dynamic Vir-
tual Grid Arrangement algorithm. Each section
is treated as a virtual grid whose dimensions are
schema-driven. Entity groups are placed into cells,
and row/column sizes are dynamically adjusted to
minimize whitespace and preserve visual structure.

Figure 3 provides an overview; a detailed exam-
ple is described in Figure 7 in appendix.

3.2.3 Document Rendering Algorithm

Let the document canvas be divided into a grid
C € RHXW 'with each entity group assigned to a
grid cell via the mapping:

¢ : Gk - (,Lv.])

where Gy, is the k-th entity group and (3, j) its
target cell on the canvas.

We define a rendering function R(7}, ¢) that
draws sampled entity groups onto a blank canvas
based on grid positions and layout attributes from
the stochastic schema 7y, while recording bound-
ing boxes for annotation.

Rendering uses the Pillow library (Clark, 2015),
respecting the Dynamic Virtual Grid Arrangement
and frozen layout constraints to ensure consistent
structure and accurate annotations. A high-level
overview is provided in Figure 8 in appendix.

Final document and annotation output:
Z=R(Th,¢), Ann= {(bg;,v), (class labels)}

Here, 7 is the rendered image, and Ann the set
of annotations - each containing a bounding box
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by, value vy;, and class labels, which vary by task
(e.g., per-entity labels in KIE).

3.3 Multilinguality

The algorithm can be configured to generate data
in different languages (one language per docu-
ment) while using the same stochastic schema
defined in English. Configuration faker_locale
switches the faker locale to generate entity val-
ues in the target language while {"translation”:
{"enable": "True"”, "target_lang_code”:
"<lang_code>"}} uses a machine translation en-
gine to translate entity and entity group headers
defined in the JSON schema to the target language.

Example documents along with KIE specific an-
notations generated using FlexDoc are available in
Appendices C and D.

4 Evaluation Results

Experimentation settings, including the choice of
models and datasets for evaluation are thoroughly
detailed in Appendix A.

4.1 Downstream Model Performance

Train Dataset LayoutLM  Phi-4
Zero Shot NA 31.2
Synthetic Sk Only 54.1 53.3
DocILE Only (Baseline) 72.7 74.6
DocILE + 1k Synthetic 76.3 79.8
DocILE + 2k Synthetic 78.8 82.4
DocILE + 3k Synthetic 81.8 83.1
DocILE + 4k Synthetic 82.7 85.3
DocILE + 5k Synthetic 82.9 85.6

Table 1: F1 scores when incrementally adding FlexDoc-
generated synthetic data to the DoclILE dataset.

Train Dataset LayoutLM  Phi-4

Zero Shot NA 23.1
Synthetic Sk Only 473 44 .4
IDSEM Only (Baseline) 65.5 71.2
IDSEM + 1k Synthetic 67.3 74.5
IDSEM + 2k Synthetic 69.1 76.0
IDSEM + 3k Synthetic 73.3 77.3
IDSEM + 4k Synthetic 74.2 78.6
IDSEM + 5k Synthetic 75.6 79.5

Table 2: F1 scores when incrementally adding FlexDoc-
generated synthetic data to the IDSEM dataset (Spanish
invoices).

We assess FlexDoc’s effectiveness on the Key
Information Extraction (KIE) task - one of the
most complex tasks in Document Understanding

- using both the DocILE (§imsa et al., 2023) (En-
glish) and IDSEM (Sénchez et al., 2022) (Span-
ish invoices) datasets. We first train LayoutLM
(an encoder-based multimodal model) and Phi-4-
Multimodal-Instruct (a decoder-based generative
multimodal model) on these real datasets (as base-
lines), and then incrementally augment them with
1k—5k FlexDoc-generated synthetic samples.

For DocILE, augmenting with synthetic data
results in significant performance improvements,
with LayoutLM achieving an F1 score of 82.9%
and Phi-4 reaching 85.6 % after adding Sk synthetic
samples - an increase of up to 10.2% for LayoutLM
and 11% for Phi-4 against the baseline.

Similarly, on the IDSEM dataset, incrementally
adding synthetic data boosts performance signifi-
cantly, with final F1 scores of 75.6 % for LayoutLM
and 79.5% for Phi-4 after adding 5k synthetic sam-
ples - showing an improvement of 10.1% for Lay-
outLM and 8.3% for Phi-4 against the baseline.

These results demonstrate FlexDoc’s effective-
ness in enhancing KIE task performance in both
English and Spanish invoice datasets, highlighting
its potential for multilingual applications in docu-
ment understanding tasks.

4.2 Ablation Study - Dynamic Virtual Grid
Algorithm

We also evaluate the effectiveness of the Dynamic
Virtual Grid Algorithm by replacing it with a base-
line method that randomly places entities in non-
overlapping positions without considering layout
structure. When this algorithm is disabled, Lay-
outLM’s performance (with 5k synthetic docu-
ments) drops from 82.9% to 75.4%, and Phi-4’s
from 85.9% to 80.6%. This highlights the criti-
cal role of structured placement in enhancing the
quality and utility of synthetic documents for key
information extraction tasks.

4.3 Comparison with Hard-Template

Approach
Approach LayoutLM Phi-4 Effort
(F1) (F1) (mins)
Hard Template 69.8 72.2 1500
FlexDoc 67.4 69.8 150

Table 3: Performance and annotation effort comparison
for Hard Template vs. FlexDoc approaches on Insurance
Cards Dataset.

We compare FlexDoc against the widely used
hard-template-based generation approach. To as-
sess robustness, we evaluate on a proprietary insur-
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ance card dataset, where FlexDoc achieves com-
parable performance while reducing annotation ef-
fort by approximately 90% . FlexDoc offers a sub-
stantial scaling advantage: the annotation cost re-
mains constant at 150 minutes for 3,000 samples,
while traditional hard-template methods require a
linear increase in annotation time as the dataset size
grows.

4.4 Diversity Analysis

Dataset Mean Pairwise Similarity
DoclLE - 5k Documents 0.52+£0.05
FlexDoc - 5k Documents 0.55+£0.04

SROIE - 1k Documents 0.40 £0.02
FlexDoc - 1k Documents 0.43£0.04

Table 4: Mean pairwise similarity across different
datasets, with standard deviation.

We also evaluate the diversity of datasets gener-
ated by FlexDoc by comparing them to real-world
benchmarks: DocILE and SRIOE. We compute
mean pairwise similarity on datasets of comparable
size (5000 samples for DocILE, 1000 for SRIOE),
using embeddings from a LayoutLM model suited
for document understanding. The results show that
FlexDoc-generated data achieves diversity levels
comparable to both real datasets. Moreover, the
small deviations confirm the reliability of the re-
sults and further demonstrate that the generated
documents are diverse without being dominated by
outliers.

5 Conclusion

High-quality annotated data remains a major bot-
tleneck for scaling document understanding in en-
terprise settings. We introduce a robust, extensible
framework for generating realistic, diverse, and
multilingual synthetic documents that mirror real-
world complexity. FlexDoc enables rapid develop-
ment of layout-aware models, greatly reducing the
need for costly manual annotation. While our ex-
periments target invoice-based KIE, the framework
generalizes across document understanding tasks
and is already in enterprise deployment, accelerat-
ing model development and significantly reducing
data acquisition and annotation costs.

6 Limitations and Future Work

The data generator presented in this work aims to
produce diverse documents by randomizing a large
number of document attributes. While the permuta-
tions obtained by randomizing such a large number

of variations work well for semi-structured docu-
ments, this approach is not particularly useful for
fully structured, visually rich documents such as
driving licenses, passports, etc. Such documents
usually do not demonstrate much diversity, at least
within a specific category. For example, driving
licenses in the United States would have about 50-
80 variations depending on the issuing state. The
majority of the diversity is derived from variations
in values (license holder’s name, address, etc.) in
such documents. These documents also contain vi-
sually rich backgrounds. For example, the driving
license issued by Massachusetts contains an image
of the State House in the background.

For these reasons, our approach is not suitable
for generating synthetic documents for fully struc-
tured, visually rich documents. Hard-template-
based approaches are still the most effective for
such cases since the cost of annotation is not too
high for documents with limited variations.

However, hard-template-based approaches have
certain limitations as well, such as a loss of visual
features from the background when filling in syn-
thetic values. In the future, we would like to extend
our approach to generate such documents while
addressing the limitations of a hard-template-based
approach.

Additionally, FlexDoc doesn’t generate semanti-
cally meaningful fake values. For example, the
total amount in the invoice doesn’t add up to
amount of individual items. Therefore, we also
plan to introduce semantic value generators in the
future. Finally, we acknowledge that some type
of documents may exhibit cultural variations and
FlexDoc doesn’t account for that when generating
documents in other languages using the common
stochastic schema.
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Appendices
A Experimentation Settings

A.1 FlexDoc Generated Data

For the purpose of experiments under Evalua-
tion Results, the stochastic attributes in the JSON
schema for FlexDoc generated data are defined us-
ing informed and reasonable approximations, how-
ever, the JSON can be modified to mimic other data
distributions as well.

A.2 Choice of Datasets and Models

The experiments (for documents in English) are
conducted using the DoclLE dataset for bench-
marking. DocILE is the largest open-source dataset
in english language for key information extraction
(KIE). Alternative datasets such as KVP10k and
SROIE also exist, but they are less suitable for our
use case.

KVP10k contains semi-structured documents,
but it lacks explicit document type labels (e.g., re-
ceipts, invoices). Since our approach generates tar-
geted documents, knowing the document type with
certainty is essential, making KVP10k unsuitable.
Moreover, although KVP10k does have bounding
boxes, it does not provide text-level classes; in-
stead, it defines key-value relationships between
text pairs. For e.g. it defines that the header text
for purchase order number 12HOUGH]1 is Pur-
chase Order without specifying the predefined
class. Such header text may differ across docu-
ments and therefore classification with this infor-
mation is not feasible.

Another option is the SROIE (Huang et al., 2019)
dataset, which focuses on receipts. However, the
state-of-the-art performance on this dataset - 97.8 %
accuracy with LayoutLM - leaves little room for
further improvement through synthetic data aug-
mentation.

We supplement our results with the IDSEM
(Sanchez et al., 2022) dataset to support our claim
that FlexDoc can generate synthetic multilingual
documents for training document understanding
models.

We also conduct experiments using LayoutL.M,
a conventional encoder-based multimodal model,
and Phi-4-Multimodal-Instruct, a modern decoder-
based generative model, to evaluate the effec-
tiveness of FlexDoc across both architectural
paradigms and model types.

A.3 Downstream Model Performance

For training LayoutLLM, the annotations in the
dataset are chunked at word level using the IOB
format (Ramshaw and Marcus, 1995). Since the
annotations are chunked at the word level using the
10B format, the evaluation is also conducted at the
word level, without taking into account the I and
B modifiers. For instance, in the case of a Mer-
chant Name like “Jake Peralta”, both “Jake” and
“Peralta” are treated as part of the “MerchantName”
class, rather than as separate “B-MerchantName”
and “I-MerchantName” tags.

For training and evaluating Phi-4-Multimodal-
Instruct, the following prompt was used: Extract
only the values for the following keys from the doc-
ument image. If a key has multiple values, list all
separated by a pipe (1). Return output in the follow-
ing format as JSON: <json_format>.

A.4 Ablation Study - Dynamic Virtual Grid
Algorithm

For this study, the Dynamic Virtual Grid algorithm
is replaced with a simpler approach that places
text in non-overlapping regions on a blank canvas.
The canvas dimensions are kept consistent with
those used in the overall FlexDoc algorithm. All
other aspects of the data generation process remain
unchanged, ensuring that the generated data still
includes annotations such as bounding boxes and
class labels.

A.5 Comparison with Hard-Template
Approach

For the baseline, we generate 3000 samples using
300 manually annotated hard templates. We then
generate the same number of samples using our
own approach. To be fair to the baseline, we gen-
erate 10 copies of each schema frozen by our ap-
proach, effectively generating 3000 samples from
300 document permutations. We then train both
models using these two datasets. The savings in
annotation time is considered based on an average
of 5 minutes spent per hard template (baseline) and
2.5 hours spent per stochastic schema (FlexDoc).

A.6 Diversity Analysis

To compute the diversity of datasets in this study,
we utilize LayoutLLM to extract joint representa-
tions that incorporate text, spatial layout (bounding
boxes), and visual features. These representations
are taken from the penultimate layer of the Lay-
outLM model. We then compute the mean pair-
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wise cosine similarity between all document em-
beddings in the dataset. A lower mean similarity
indicates greater diversity, as it reflects a broader
spread in the representation space.

Let D = {x1,x9,...,zN} be a dataset with N
document samples. Each document z; is encoded
into a joint embedding h; € R? using the penul-
timate layer of the LayoutLM model, capturing
textual, spatial, and visual information.

The mean pairwise cosine similarity (MPCS) is
computed as:

N-1

N
Z cos(h;, hy)

2
MP D)= ———
P NN -1) i=1 j=it+1

where cosine similarity is defined as:
h; - h;
[ | [

A lower MPCS implies higher diversity in the
dataset.

cos(h;, hj) =

A.7 Training Hyperparameters

For each experiment, each model is trained on 4 x
A100 GPUs for 40 epochs, with a learning rate
of 2e-5, weight decay of 0.1, and a batch size
of 8 per GPU core (effective batch size of 32).
Phi-4-Multimodal was finetuned using Low-Rank-
Adaption (LoRA) (Hu et al., 2021) training.

A.8 DocILE dataset split

The DocILE dataset consists of 6680 real annotated
business document images. There are 55 keys that
indicate key information in these documents. The
dataset is split into 5392, 500 and 1000 training,
validation and test multi-page images respectively.
However, since the test split is not openly avail-
able, and the authors claim that for the test set,
documents in both training and validation sets are
considered as seen during training, we utilized the
validation dataset for testing. We also divided the
document images page-wise and set aside valida-
tion data from the training set. This resulted in a
final train-validation-test split of 5392-1347-633.
For all experiments involving the DoclLE dataset,
the test split is used for evaluation.

B Stochastic Schema Definition and
Description of Attributes

Following is an example of an entity group defini-
tion.

"entity_groups”: [

{

1511

"name"”: "DeliveryDetails"”,
"segment"”: {

"0": 0.3

3

TI% e

T2% 3 .3

"4" . .03,
.03,

ngn,
"6": 0.03

S

’
’
)

[SEESISIGSINS]

}7
"tabulate”: {

"create”: 0.3,

"rows": 1,

"tabType"”: [
"horizontal”,
"vertical”

]

}7
"header": [

"Delivery Information”,

"Delivery Info",

"Delivery Details”

i
"entities”: [
{
"name" :
customer_delivery_name",
"align": [
"left",
"right",
"center”

n

]y

"header_align": [
"left",
"right",
"center"”

]y

"probability": 1,

"header": [
"Recipient Name"”,
"Recipient”,
"Customer Recipient”,
"Cc/0"

]

"type”: "company"”

"

"name" :
customer_delivery_address”

"probability"”: 0.5,
"align": [
"left",
"right"”,
"center"”
1,
"header_align": [
"left",
"right",
"center”
]v
"header": [
"Delivery Address”,
"Customer Delivery Address”,
"Recipient Address”,
"Ship To",
"Shipped To"




"type"”: "address_multi_line"”
}
:l ]
"headerProbability"”: 1,

"probability"”: @.5
}

Table 5 provides a description of all the attributes
for entity groups and Table 6 for common config-
uration that can be defined in a stochastic schema
JSON. JSON Definition for common configuration
has been omitted for brevity.
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Table 5: Description of attributes for Entity Group Definition

JSON Key in Schema

Description

name
segment

tabulate

header
headerProbability
probability

gridPosition

groupAlignment

entities

entityShuffleGroups

The name of the entity group.

Probabilities for the entity group to appear in various page segments. The
sum should be 1. The algorithm uses these probabilities to decide the
location during runtime.

Probability of creating the entity group as a table. Runtime logic uses
this probability to decide layout. Table orientation (horizontal/vertical)
is determined randomly based on the tabType key. The number of rows
and empty rows are either defined by rows / numEmptyRows, or sampled
randomly.

One header value from the list is selected randomly during runtime and
written as the group header.

Probability of this entity group having a header. Used by the algorithm at
runtime.

Probability of this entity group being present in the document. Used at
runtime to decide inclusion.

Overrides the Dynamic Virtual Grid Algorithm for placing this entity
group at a fixed location (e.g., for Bill Details). Other groups are placed
accordingly.

List of alignment options. One is picked randomly, and applied to the
group on the grid.

* name: Used as a label in the final annotation.
* probability: Probability that this entity is present, used at runtime.
* header: One header from the list is randomly selected and displayed.

* type: Type of entity. Guides fake value generation.

» fontVariance: Overrides for font face, size, and color. Unspecified
properties remain unchanged.

» addHeader: Enforces header display for critical fields like "Total
Amount" regardless of global choice.

* align: List of alignment options (applicable only when group is a
table).

* headerAlign: Same as align, but for headers only (table layout
only).

Defines subgroups of entities that can be shuffled among each other at
runtime. Each subgroup is a list of entity names.
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Table 6: Description of attributes for Common Configuration Definition

JSON Key in Schema

Description

faker_locale

translation

fake_value_generator_class
structural_config

font_colors

font_size
font_dir

canvas_color_options

table_config
show_entity_headers_probability

consistent_patterns_for_values

expected_keys

Locale for generating fake values using Faker. Enables multi-
lingual support by setting the appropriate locale for the Faker
instance.

Enables machine translation of entity headers. Includes the fol-
lowing keys: "enable” (boolean as string) to toggle translation,
and "target_lang_code"” to specify the target language (e.g.,
"pt" for Portuguese).

Fully qualified path to the custom fake value generator class.

* num_segments: Number of document segments.
* segment_size: Rows and columns per segment.
¢ canvas_width: Width of the blank canvas.

» canvas_height: Height of the blank canvas.

* intra_group_y_offset: Vertical spacing between entities
in a group.

* intra_group_x_offset: Horizontal spacing between enti-
ties in a group.

* inter_group_y_offset: Vertical spacing between different
entity groups.

» space_width_weight: Weight factor used to determine
spatial offsets.

List of possible font colors for entities and group headers. A
random color is selected and applied globally unless overridden.
Minimum and maximum font size range for entities and headers.
Directory path containing fonts. Can be different for headers
and entities.

List of canvas background colors. One color is randomly se-
lected during document generation.

Styling configuration shared across all table-type entity groups.
Global probability for showing entity headers. Applies uni-
formly unless locally overridden by the entity configuration.
Defines constraints for generating consistent values. For ex-
ample, when multiple values share a common format (e.g.,
currency), the same currency symbol is reused across instances.
Example: ["$","€","£"].

List of all possible entities to include in annotations. Only
those in this list are labeled with their specific names; others are
marked as “Other”.
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Table 7: Stochastic Attributes and Attribute Sampling Process

Stochastic Attribute

Sampling Process

Choice of an entity group
to be present in the docu-
ment

Placing an entity group in
a section of the page

Choice of creating an en-
tity group as a table or a
stack of entities

Number of rows for an en-
tity group defined as a ta-
ble

Number of empty rows for
an entity group defined as
a table

Choice of an entity group
header to be present in the
entity group

Choosing an entity group
header

Choice of an entity being
present in the entity group

Global
choice

entity  header

Choosing an entity header

Choosing entity alignment

Shuffling Entities in Sub-
Groups

Choice for Global Font
Face and Color

Table Style Attributes

Generate a random number from a uniform distribution. If this number is
less than the specified entity group probability, include the entity group in
the document.

Driven by the “Dynamic Virtual Grid Algorithm” described below.

Generate a random number from a uniform distribution. If this number is
less than the tabulation probability as defined in the entity group definition,
create the entity group as a table. Table orientation (horizontal or vertical)
is selected randomly from the options specified in the template.

If a number is specified, it is used directly. If set to “random”, a value is
sampled from a uniform distribution within bounds defined in the common
configuration.

If a number is specified, it is used directly. If set to “random”, a value is
sampled from a uniform distribution within bounds defined in the common
configuration.

Generate a random number from a uniform distribution. If this number is
less than the specified entity group header probability, include the header
in the group.

Randomly pick one value from the list of headers defined in the entity
group schema.

Generate a random number from a uniform distribution. If this number is
less than the entity’s specified probability, include the entity in the group.

Generate a random number from a uniform distribution. If it is less than the
defined threshold, include headers globally. Critical entities may override
this behavior and always include headers.

Randomly pick one value from the list of headers provided for the specific
entity.

Randomly select one alignment option from the list defined for the entity.

For each defined subgroup, identify the indices of member entities. Shuftle
these indices and reassign them to the original entities in that subgroup.

Font face and color for entity text and headers (group/entity) are chosen
randomly from a predefined list of fonts available in the project.

Stylistic attributes like header font face/color, row font face/color, and
separator styles are selected randomly for each table in the document.
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5. Customer Datalls antiy group has header - Caent Datass™

13, This entiies n this group are right aligned

3. Involoe Detalls entty group ol present in the invoioe

Client Details

2 Gustomer Dt appear n e topeft comer of the op section o the page |———F- First Name: Jah &—————g_Entily Haader - Frst Name" presen for Customer Hame.

Last Name: Doe
Gountry: US.A
DOB: YYYYMMIDD

Payment Details

Bank Name: 012345678901

Account Number: 012345678901
SWIFT Gode: SWITCHOI2345678C0DE
V.AT Reg : VATS678901CODE

7. tem Description méssing In tem Detass Eniiy Group.

Total
Item Name Quantity  Price VAT Price
Unique side and front panel design 2 s2000  saze  §2378
Loremipsam delor s amet, consectetsr adpiicng et sed da eismed temper incidchmt ut lsbore el deiore wsgns

sizsa

Side panel with TAG 2.0 ventilation 2 $6700  $180  $6BEQ
Loremipsam delor st smel consectelsr ks et sed da eismod lempo incidchntul lsbore el doore wegrs

sz

Mesh front panel desian to improve air 3 §33500 510020 $435.20

Loremipsun delor st smel, consectelsr siscng e, sed da eiusemod e por inciddhot ul Isbore el doore wagns
sz

9. Entity Subiotal has entily header - “Sub - Total Amount

Contact Details

Note: Lid est labarum dolo rumes fugats.

«——— 6. Bl Dotass Enty Group procent aa 2 Stack

VAT ($6): §12.0
Grand Total: $1858.0 €——— 12 Grana Total here Is §1856.0

PO Box 2132
et e sppear 1 e oriom secion 7 525 \rupe 3355 Al VAKE A BATMENT
o0 |11 Fonts are iferent n ot involces. Also acioss enies and sny aders

Fox

Emailsupport@yourname com

10. Fons numoer appears before Email

13, This enities in this group are left aligned

[5-invoice Datails antiy group prasent in the invoica

[ Cuomer Do appoa i o camter of o secter ol e e

4 Merchant Datals has enily group haad:

. Customsr Detalls anbiy group has headsr - To"
5. Entiy Header not prasant for Customer Nama

From: T Dels:
Facebook Inc. Involce MBBB- 245432
1. Merchant Details appear in the top section of thepage |—3 546 Aston Avenue 345, SARoad

March 22, 2020

VAT, BBB0303020

Account Name: BANK OF AMERICA
SWIFT code: 985798579487

NYC, NY 12394
Email: contact@bbbootstrap.com
Phane: +1 848 389 9289

Cuperting CA 32154
Email billings@facebook.com
Phone: +1 294 980 9898

] tem Description uniT cost Total
1 Laptops Macsook Alr $G8 RAM, 25668 550 s $800 44500
7. Daseription prasent i flem Dl ity Group
2 samsung S50 samsung $50(256 GB) 2 ss0 43000
2 PEN DRIVES samsung Pendrives(32G8) 100 s10 41000
Contrary to popular belief, Lorem Ipsumis not simply random text. It has roots in
2 plece of dassical Latin Inerature from 45 8C, making It over 2000 years old. [} - "Suptotar” Subtetal seson
Richard McClintoc, a Latin professor at Hampden Sydney College in Virginia
" et Spney callge in e Discount (20%) $160
VAT (10%) $00
Total $5000

=== f

12. Grand Totai hisra is 59000

6. 8l Datalls Enity Group prasent as a Horlzontal Table

Figure 6: Two Invoices Depicting Variations in Semi Structured Documents

Divided into grid of size 4x3 L.e. 4
rows and 3 columns

Chipped To

Electronics Hardware Analysis
Jason Landing

Port Vanessa

10041 grid position - (0,0)

grid position - (0,1) grid pesition - (0,2)

To
Aaron Alvarado
+1650326-8368

Mrs. Emily Stewart

Seller Name

Tax ID Phone

Eloctronica Sysiems PaulNotorsay

Wandastad, Utah 37879

T\ usa
The height and widith of all the rows |

and columns here dynamic and 2
unequal - based
on the size of the largest entity
group

Vb TOsTeT1S (wgs1-ms

arid position - (1,0) grid position - (1,1) grid position - (1,2)

Land likely someone professor military through minute.
Fish few hit cover interview blood.

Town drop century imagine travel bar aithough

Nice adult father start

Than style envirenment medical his yet machine.

grid position - (2,0) grid position - (2,1)

grid position - (2, 2)

Invoice Detaile

Invoice Number: HZICa-797981935
Inveice Date: 1997-11-02

Due Date: 2000-07-25

PO Number: MMCDZ747745060
grid pasition - (3,2)

grid position - (3,0) grid position - (3,1)

Figure 7: Arrangement of entity groups using Dynamic Virtual Grid Arrangement Algorithm. Do note that the
arrangement is determined in-memory and the entities groups are written through a separate process.

1517



Identify the grid dimensions of the section.
Height of each row = max(height of all entity groups in that row)

Width of each row = sum (width of all entity groups in that row) Write the entity group by loaping over each entity in

the entity group. For first entity use the x,y

Height of each column = sum(height of all entity groups in that column) datarminsd beloro
Width of each column = max(width of all entity groups in that column)
.,
A 4
Loop over each entity group in the section Write entity as text using Pillow and get the
annotation of the written text

Update y-coordinate for next entity
Determine the starting x, y coordinates for the entity group. = height of the last entity + intra-group-spacing
x-coordinate = sum(width of all columns before this entity group)
y-coordinate = surm(height of all rows before this entity group)

Callate all the annotations and

return

s entity group type table

Yes

|

Write as a table using

Pillow with x.y determined
above

Figure 8: Document Rendering Process
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C Example Annotation JSON

Following is an example of two annotations gener-
ated by the framework. It contains a list of entities
with their classes, along with tokenized child enti-

ties.
L
{
"entity": [
L
132,
38
]7
L
377,
27
]y
"SecureTrust Insurance”
:l:
"children": [
L
L
132,
38
]7
L
206,
27
]7
"SecureTrust”
]y
L
L
344,
38
]?
L
165,
27
]r
"Insurance”
]
];
"class": "InsurerName"
}’
{
"entity": [
L
387,
205
]’
L
105,
11
]’
"Scott Williams"”
]!
"children”: [
L
L
387,
205
1,
L
42,
11
]y
"Scott”

]’
[
L
432,
205
]’
L
60,
11
]’
"Williams"
]
]r
"class": "MemberName"
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D Generated Examples

D.1 Invoices

Ehein
g
sty S
e
Ve A 00y

N @

iz il o 71k PMIEb QNG
e e esromones
B
ent Name (ESEERNS
02 iy
e o o e g T | S St T ] D
Ea ey
i o o | Gi7 | iz G e | e | e
Card heas sorazz 34849 76 sa778.38 swson 156 $3083.27 2 szt Please note.
e o s “ ow sk Bk i pulprocess maio
e il whle poce bwo s P o
e - || Hot nc wiyot.
e Ao bock eveyone every
o s s it e I st R oo R P [ et oo S
i e v .| o~ 743 e

g ot O i | am wois e | awn | sl Product Weight Quantity Currency
i dog o e e s | o a0 vy na wmmemn e | ses 5599
o o o
Aot 1op sl oashr positen oo 100609 oaTes $3707 seavs31 o 526077 $6909.43 zors | sewnos 4821
L e 520305
e vl g .| S| oz e | e s an e roase
| e | nws s am | wmn oo
o o
Pt e . o
Seonwanprgen | wonn | o swsewmn | wws  swmsann | am | wns
sa034
Tovars svsn ot sl o iy | asue_sevmsz swzns i sssan | e e
e st gy ot oo, iz e o | i weorsan | mm | smer soestar
i
b b o ity 2032
Anoe ety ot stk w7501 v sedar srssn aw mmmesn | am | sme 5950581
Two assume message yourseit open. B
o ok s | e8| s st s ET T TR
T T R R
o S
vt ph s | s s | e owan s s | sss
T T = e e B S A T ] Soverol people mion around colege.
i osophandanongexampinel  thao!test
z enter ciscuss mount ertln cour thic.
xa Gebate heccl near protec et fem necesary .
== Degres becouse e paintng s
P a—
o iy o N
e
ot
R o
Lon [ Lot
P Wi
Merchant Name
Client Details
Castomer : docppaVi9Ss
Customer Order Number: HiTISShUyT$5CK
Nome: Anthony Hawking
VAT Number: V493065094
Yo The Onder Off Gray Crest
Howardburgh
3357
Venezue
‘Account Number
i8AN
Payment Reference u
I n Description item Name Net Amount Item Tax Rate ltem Tax Amount}

Bill Summary

reight:
Payable in Currency: $
Total Amount: $3314.06

Figure 9: 4 invoice images generated using the same Stochastic Schema. Notice the difference in values, structure
of the images, the position and presence of entities and entity groups and overall styling and dimensions of the
documents.
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D.2 Insurance Cards

cls <, Telecom East Star APEX 1>, INTERACTIVE SIGNAL
: 4 N o c
g‘ COVERAGE ‘ 0
i
LEGACY ASSURANCE : &
Insured Name
Member 1D #: Emergency: §3295.0
#ig192107563 Emergency room copay: $3877.27
Name: office visits with a specialist: $4967.15
Joseph Jones
Emergen! $1313.25
gency f ?:;'fm::f““ns RXGRP gonf-735234001
Speech therapy $9611.81 2. Jesse Kelly
3. William Franco RXPCN 77467970
4. Jordan Floyd
Emergency room copay $793219
RXBIN TL669953140
ER services s1216.23
HDHP
POS
'§~Guardlan SECURETRUST INSURANCE
¢ Shield (*;r / >~
s'eslnsurance r
PACIFIC WEST INDUSTRIES
Name: RXGRP: gwlo387538841
Adam Wagner RxBin: B-48787678 Member Name RxBIN
D #: RxPCN: mbgn407282990
A-538420649 Subscriber ID RXPCN
OUTPATIENT §2950.07 Group Members RXGRP
Julie Clark
Michelle Russell
$ .
PHYSICAL THERAPY 605134 - . = Insured Members
Gonsult With Physician eisss Youns
AMBULANCE $4812.03 Britany Smith
Emergency room copay John Shields
PHYSICAL THERAPY $4448.89
s2698.02 Emergency

OFFICE VISITS WITH A SPECIALIST

HMO

Figure 10: 4 insurance card images generated using the same Stochastic Schema. Notice the difference in structure
of the images, the position and presence of entities and entity groups and overall styling and dimensions of the

documents.
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