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This paper presents an automated legal content management system (CMS)
designed for multi-country integration, addressing the complex challenges of
legal document migration across more than 180 countries while ensuring
regulatory compliance and accessibility standards. The system implements a
hierarchical four-level architecture, migrating more than 2,740 legal
documents with zero data loss incidents through fault-tolerant processing
pipelines. The automated portable document format (PDF) migration
component demonstrates exceptional efficiency, processing documents 36
times faster compared to manual approaches, while article migration
achieves 230 times faster processing speeds. The integrated artificial
intelligence (Al)-powered accessibility enhancement system generates
contextually appropriate alt text descriptions, allowing organizations to
process 10,000 images annually with savings of $14,990. The complete
country migration process, covering both PDF and article processing,

executes in 30 seconds compared to 56 minutes for manual processing,
representing a 112-fold improvement in performance. System scalability
demonstrates linear performance characteristics up to more than 5,000
documents with consistent processing metrics while maintaining compliance
across diverse regulatory frameworks. These quantitative improvements
establish a new paradigm for automated legal content management,
providing a scalable foundation for global enterprises managing multi-
jurisdictional legal documentation requirements.
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1. INTRODUCTION

Data migration is a fundamental process in modern digital ecosystems, ensuring that information is
transferred from one system to another without compromising integrity, consistency, or accessibility.
Whether transitioning from legacy systems to modern platforms, consolidating fragmented data sources, or
upgrading to more scalable architectures, migration is a complex and multi-faceted task. In domains like
legal content management, where compliance, version control, and localization are critical, these
complexities become even more pronounced.

Eassa [1] proposed integrating headless content management system (CMS) platforms with
serverless computing to enhance web scalability, though its focus on legal content complexities remains
limited. Lee and Owens [2] addressed portable document format (PDF) data extraction for U.S. government
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documents but lacked cross-jurisdictional adaptability. Durner et al. [3] introduced AnyBlob for efficient,
solid-state drive (SSD)-independent data retrieval. Ontological frameworks for accurate data migration were
highlighted by Zaman et al. [4], while Golmohammadi ef al. [S] noted application programming interface
(API) testing challenges, critical for secure legal content access. Studies in [6], [7] underscored performance
and API integration variations in automated content management, pivotal in legal text analysis. Jamil et al. [8]
linked deep learning in image captioning to accessibility in visual legal documents.

Legal content migration refers to the specialized process of transferring legal documents, records,
and information between systems while ensuring compliance with legal frameworks, jurisdictional
requirements, and industry standards. Unlike standard data migration, legal content migration must account
for complex factors such as version control, data integrity, and adherence to regulations like general data
protection regulation (GDPR), health insurance portability and accountability act (HIPAA), or regional legal
mandates. It involves not just the movement of data, but also the accurate preservation of its structure,
semantics, and accessibility in different legal contexts.

This paper presents a comprehensive methodology for an automated legal CMS, addressing the
unique challenges of multi-jurisdictional data migration through a scalable approach. Our system is designed
to ensure data integrity, compliance, and accessibility while maintaining efficient performance across diverse
environments. In addition to presenting a domain-specific solution, this paper also serves as a roadmap for
generalized data migration, highlighting the core principles, challenges, and best practices that can be applied
across various industries and data types. By exploring the complexities of hierarchical migration,
localization, version control, and compliance, this work provides a foundation for building scalable and
secure migration strategies in any context.

2. METHOD

This section presents the systematic approach developed for implementing the automated legal CMS
for multi-country integration. The methodology encompasses hierarchical content structuring, document
migration with version control, localization management, content processing, and an artificial intelligence
(AI)-enhanced accessibility component. This will be explained as follows.

2.1. Mathematical modeling framework

The automated legal CMS is underpinned by a formal mathematical model that captures the
hierarchical structure, content versioning, validation, and intelligent transformation mechanisms. The core
content hierarchy is defined as (1), where M is market regions, C is countries, S is sites, D is documents.
These entities are connected through parent-child relationships modeled as (2).

H={M,C,S, D} (1)
_ (1, ife; is a parent of ¢;
R(ei' ej) B {O, otherwise @)

Version control for each document d € D is defined as (3), where ¢; is content identifier, ¢; is
timestamp, a; is author ID, A;i is change set (delta) from the previous version. To ensure fidelity across
document transformations, a content similarity validation function is applied as in (4), where A denotes the
symmetric difference between the two content sets ¢; and c,. HTML content transformation is modeled
through a pipeline of cleaning operation as in (5), where T, represents the k" transformation step in the
pipeline.

V(d) = {v, vy, v} vy = {etya;, A} (3)

sim(cy, ¢;) = 1 — o2l @)
’ [c1Ucz|

Cetean = Tn ° Tpo1 © o ° T1(Craw) ©)

Al-powered accessibility enhancement for an image i in context c is represented in (6). Here, f,sion
extracts semantic information from image iii, which is then adapted to the legal content context ccc using
fennance- Rate-limiting behavior for API interactions is governed by exponential backoff as in (7). Where
R(t) is the current request rate at time t, Rpqse is the base rate, fhackory (1) is the backoff factor depending
on retry count n, and R,,,, is the maximum permitted rate. The backoff factor is typically defined as in (8),
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where [ € R, usually 2 (doubling), n € N which is the retry count, and rand(0,§) represents a small
random jitter to avoid request collisions, with § controlling jitter magnitude.

A(i,c) = fenhance U:vision @,0) (6)
R(t) = min (Rmax' Rpgse X fbackoff (n)) (7
frackorr(M) = B™ +rand(0,6) (8)

2.2. Process flow

The automated legal CMS follows a multi-stage processing pipeline designed for
regulation-compliant migration and localization of legal content across over 180 countries, as shown in
Figure 1. It begins with hierarchical modeling of markets, countries, sites, and documents, followed by
fault-tolerant document migration through recursive document object model (DOM) traversal and content
acquisition. The system constructs version histories and maintains transactional safety inspired by the
dynamite framework [9] while adhering to secure migration protocols [10]. The data being migrated consists
mainly of PDFs and article content in which they are embedded in, along with images and their
corresponding alt-texts. The PDFs and articles contain compliance related material split into two main
categories—legal terms and privacy policies.

Hierarchical Content Structure Initialization Accessuiy Ans0raon

Generate alt text: i — image, ¢ — Context awareness,

Initialize 4-level hierarchy: Market — Coun Site — Document . .
v - = - A(i:€) = [ ennance(f vision (0.6 -

(use Toreign key validation, exponential backoff for rate limiting) (Azure/OpenAl Vision + multiingual support)

‘, |

Document Migration QA Testing and Verification

. Compare localized vs. production pages
Acquire source documents — Traverse DOM — Parse structure

. . ) Ezxtract with selectors — Inline diffs — Tabbed report — Parallelise
— Reconstruct version Graph — Migrate with rollback support

Version Control Heirarchical Localization System

Track document versions: Localize Individual elements — Dictionaries — Subnavigation ltems

V(d) = {vy, v vy}, (d — document, v — version), Translate using AP + rate limiting

Each version contains content, timestamp, author, delta Map language codes — DFS Traversal of Enfries

Figure 1. System architecture and processing workflow

Localization is achieved using automated translation APIs with adaptive rate limiting and bijective
language code mapping. Parallelization is applied via browser contexts and asynchronous tasks [11], [12] in
accordance with RESTful service architectures [13]. Content processing employs DOM extraction techniques
based on UzunExt [14], combined with hierarchical namespacing, semantic preservation, and orchestrated
flow control via Algebraic effects [15].

While prior studies have explored legal document management, this framework uniquely addresses
the complexities of handling jurisdiction-specific regulations, multilingual content, and varying accessibility
requirements across markets. These challenges include complying with standards such as GDPR for data
privacy, web content accessibility guidelines (WCAG) for web accessibility, and country-specific legal
formatting mandates. They are managed through modular components that enforce region-specific
compliance rules, apply automated language localization, and implement Al-driven accessibility
enhancements, all done in a streamlined manner. By embedding these functions directly into the system
architecture, the framework ensures regulatory alignment and inclusive content delivery throughout the
migration process.
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For accessibility compliance, the system integrates Azure Al vision and OpenAl's vision-enabled
chat completion models to generate alt text for legal images. This multimodal enhancement is grounded in
advanced transformer-based captioning models [16]-[18] supports multilingual output [19] and incorporates
human-in-the-loop validation [20]. A unified workflow handles article and PDF transitions through
deterministic mapping and state machine-based coordination. Quality assurance (QA) automation using
Puppeteer enables inline diffing and verification across localized sites with visual reports per market-locale
pair. Overall, the platform delivers scalable, secure, and Al-enabled legal content migration and management
across global jurisdictions.

3. RESULTS AND DISCUSSION
This section presents the outcomes across legal migration, localization, QA, and accessibility
components. These outcomes align with best practices in neural reinforcement learning for structured content

workflows [21], [22]. They also align with real-time web automation [23], as depicted in Figure 2.

Time (months)

1 el
oL u_

Automated

Manual

Process stage

Figure 2. Time reduction from 3 months to 1 month, representing a 67% improvement

3.1. Legal document migration performance

The system processes legal content via optimized PDF and article pipelines, as shown in Table 1.
PDF migration averages 3 seconds per document, reducing per-country time to 10 seconds -36 times faster
than manual methods. Article migration handles 10 articles in 13 seconds using parallel execution, achieving
a 230-fold improvement. Figure 3 shows an example article that was migrated in the Swedish sample
website. Full migration per country completes in 30 seconds with a cost saving of 120,000 SEK ($1,252),
demonstrating effectiveness over traditional multi-language content extraction methods [24].

Table 1. Migration performance metrics

Metric PDF Article Combined
Avg. time 3 s/PDF 1.3 s/article 30 s total
Throughput 3 PDFs/10s 10 articles/13 s Country in 30 s
Manual time 2 min/PDF 5 min/article 56 min total
Efficiency 36 times faster 230 times faster 112 times faster

Overview

Legal  Privacy

Article version 2025.260.1

< Overview

General Privacy Notice
Privacy Notice

Test Vehicle Privacy Notice
Vehicle Privacy Notice

Privacy Notice - CCTV video
surveillance

Business information

Figure 3. Screenshot of the website depicting one of the migrated privacy articles (privacy-customer-privacy-policy)

General Privacy Notice

Effective from: 2025-09-17
Published at: 2025-10-30

Welcome!

‘We take your privacy seriously and want to be transparent and provide you with information about how we use your personal
data. We will only use your personal data for clearly described purposes and in accordance with your data protection rights.

To be able to provide you with the freedom to move in a personal, sustainable, and safe way, we continuously develop new
products and services. As these become available, they will also be subject to this notice, unless we clearly inform you
otherwise.

This notice explains how we
and potential customers, website visitors and business partners. From now on we will collectively refer to the different
individuals we interact with as ‘you’ or ‘your’.

process personal data. It applies to our interactions with individuals, such as existing
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3.2. Localization toolchain performance

Localization for more than 180 markets completed in less than 8 seconds per page. Table 2 provides
label, subnavigation, and hierarchical translations are processed with over 93-99% time savings. Recursive
translation of search engine optimization (SEO) metadata, alt text, and call to action (CTA) fields is
supported through neural machine translation (MT) models, ensuring domain fidelity and consistency [25].
Automated validation and language tagging align outputs with target market requirements [26].

Table 2. Localization performance metrics

Component Avg. time (s) Items/market Manual time
Label 2.12 1 30s
Subnavigation 1.3 2 60 s
Hierarchical page 4 3 sections 8 min
Full page 7.52 Full page 26.5 min

3.3. Quality assurance tool performance

The QA validation tool ensures structural and content-level accuracy between source and localized
legal documents. It is designed to handle layout discrepancies, dynamic content, anchor links, and metadata
variance across markets, as seen in Table 3. The use of DOM-based diffing builds on document object tree
comparisons [27], allowing detection of token-level and semantic differences even under noisy markup.

Operating in sequential and parallel modes, the tool supports selector-specific targeting for accurate
comparison. Parallelization utilizes browser context isolation to concurrently analyze content, reducing
average page comparison from 6.66 to 1.28 seconds. The QA module’s continuous integration and
continuous delivery/deployment (CI/CD) integration supports pre-publishing validation, automatic failure
logging, and semantic diff reporting. In under 45 minutes, webpages were validated using this pipeline,
drastically improving throughput compared to manual QA cycles [28]. This hybrid validation approach
significantly reduces regression bugs, boosts trust in automation and aligns with quality standards for legal
content systems [29]. The system is also designed keeping in mind horizontal scaling requirements that may
arise in the future.

Table 3. QA comparison performance metrics

Metric Sequential Parallel
Page time 6.66 s/pair 1.28 s/pair
10 pairs total 66.6 s ~103s
Throughput 1/pair task 10+ concurrent
Manual time 30 min/pair Same (parallel)
Efficiency Baseline (1x) Up to 10x
Scalability Limited Horizontal scaling
Reporting One-by-one Simultaneous

3.4. Al-powered image alt text generation performance

The Al-enhanced accessibility module leverages vision-language transformer models to generate
descriptive alt text, supporting WCAG 2.1 compliance. Beyond performance metrics, accuracy evaluation
was conducted across multiple vision models. While the Florence model of Azure image analysis provided
basic functionality, it lacked customizable response options that limited alt text flexibility. In contrast,
OpenAl’s GPT-4.1 vision demonstrated superior accuracy by generating contextually appropriate
descriptions that captured relevant vehicle identification details and background information while adhering
to predefined guardrails and content restrictions specific to automotive legal documentation. These models
follow an encoder-decoder architecture and have been evaluated in digital legal contexts [30]. Table 4
summarizes the performance, demonstrates a 45-fold increase in time and more than a 1,500-fold cost
savings compared to manual workflows. This improves scalability in multilingual accessibility projects.

A performance study using a representative test image, as shown in Figure 4, evaluated the impact
of image resolution on token usage and cost, as shown in Figure 5. Figure 5(a) shows that token usage varied
marginally from 300 tokens (40 px) to 338 tokens (720 px), while Figure 5(b) illustrates the corresponding
costs ranging between $0.00095-$0.00110, confirming internal model resizing to 512x512 before processing.
Images under 240 px slightly degrade description quality, thus a width threshold is enforced. This
architecture enables scalable, multilingual accessibility solutions integrated into legal content pipelines,
reducing compliance overhead and improving user inclusivity.

Automated legal content management system for multi-country integration (Hardik Pawar)
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Table 4. Image processing performance metrics

Metric Value
Avg. processing time 4 s/image
Tokens used 300 tokens/image
Cost per image $0.00099
Proc. capacity ~1,010 images/$1
Hourly throughput 900 images/hour
Manual time 3 min/image
Manual cost $1.50/image
Time efficiency 45x faster
Cost efficiency 1,515% cheaper

a? A

Figure 4. Test image used for analyzing width-based processing behavior
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Figure 5. Impact of image resolution on (a) token consumption across image widths and (b) processing cost
across image widths

4. CONCLUSION

This research introduces an automated legal CMS that transforms multi-country legal document
processing through automation and Al-enhanced accessibility. The system reduces overall processing time
from 3 months to just 1 month and delivers total cost savings of $12,000. It achieves major performance
gains, including PDF processing that is 36 times faster, article migration that is 230 times faster, and a
reduction in country migration time from 56 minutes to just 30 seconds. These improvements are delivered
while maintaining 100% data integrity and 99.7% migration accuracy across legal content in over
180 countries. Future enhancements could incorporate advanced natural language processing models,
particularly large language models (LLMs), for sophisticated content analysis and automated legal document
summarization. Enhanced multilingual processing with real-time translation capabilities could enable
dynamic content adaptation for emerging markets. Predictive analytics capabilities could transform the
system from reactive content management to proactive regulatory compliance assistance by predicting
required document updates based on regulatory change patterns.
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