Architectural Paradigms for Production
Data De-Anonymization: A
Comprehensive Analysis of PostgreSQL
and MySQL Ecosystems in High-Fidelity
Testing

The contemporary software development lifecycle has witnessed a fundamental shift in how
organizations perceive and utilize production data. Historically, datasets were often considered
static byproducts of operational processes, but in the modern era of performance engineering
and stringent regulatory compliance, they have been reimagined as dynamic assets that must
be carefully curated for non-production environments.! The imperative to create
de-anonymized replicas of production data—specifically for PostgreSQL and MySQL database
engines—is driven by the need for realism in pre-production testing and load simulations.? As
organizations move away from raw production clones due to the inherent security risks and
compliance mandates such as GDPR and CCPA, a sophisticated market of open-source and
commercial offerings has emerged to address the dichotomy between data utility and data
privacy.'

The process of de-anonymization, or more accurately, the creation of privacy-preserving
replicas, requires a nuanced understanding of the underlying database architectures.’
PostgreSQL, with its advanced object-relational features, and MySQL, known for its
transactional speed and horizontal scalability, present distinct challenges for masking and
synthetic generation tools.® For a performance engineer, the goal is not merely to obscure PII
but to ensure that the resulting dataset maintains the complex relational dependencies,
statistical distributions, and transactional characteristics of the original production
environment.' This report explores the architectural frameworks, technical implementations,
and market landscapes of tools designed to provision these high-fidelity replicas while
maintaining absolute compliance.”

Foundational Methodologies in Data Protection

The architecture of data de-anonymization is typically categorized into three primary
methodologies: Static Data Masking (SDM), Dynamic Data Masking (DDM), and Synthetic Data
Generation.* Each approach offers a different profile regarding security, performance, and
utility for pre-production testing.?

Static Data Masking involves a permanent, irreversible transformation of data at rest.* In an
SDM workflow, a copy of the production database is processed through a masking engine



before being stored in the target environment.? This is the preferred method for realistic load
testing because it introduces zero latency during query execution; the database engine
interacts with masked data as if it were original production data.? The transformations typically
include substitution, shuffling, and format-preserving encryption (FPE), which ensure that while
the values are fake, they remain structurally valid for application logic and front-end
validations."”

Dynamic Data Masking, conversely, masks data in real-time as it is queried.? A database proxy
or security layer intercepts the SQL requests and applies masking rules based on the user's role
or permissions.? While DDM is effective for securing production access or real-time reporting,
it is fundamentally unsuitable for load testing.! The runtime overhead of the masking logic can
add significant latency—sometimes in the range of milliseconds or more per query—which
skews performance benchmarks and prevents an accurate assessment of how the production
system will behave under stress."” Furthermore, DDM does not protect data in logs, backups, or
exports, which are common vectors for data leakage in non-production environments.'
Synthetic Data Generation represents the frontier of data privacy, utilizing machine learning
and generative Al to create entirely new records that mirror the statistical properties of
production data without containing any real PIL."" This approach is particularly valuable for
organizations that need to "upscale" their production data for peak load testing.® For example,
if a system needs to be tested for 10x current production load, a synthetic generator can
create a representative dataset that follows production distributions at a much larger scale.®

Comparative Framework of Protection Methodologies

Attribute Static Data Masking |Dynamic Data Synthetic Data
(SDM) Masking (DDM) Generation

Execution Timing During data At query runtime During dataset creation
provisioning

Data Irreversibility [rreversible Reversible (In-flight)  [Inherently Anonymous
(Permanent)

Load Testing High (Zero runtime Low (Significant High (Scalable volume)

Suitability overhead) latency)

Referential Integrity [Tool-dependent Role-based (Simple)  [Inferred by Al (High)
(Complex)

Storage Requirement [Duplicate storage for |No additional storage |Variable (New dataset)
masked copy needed

Compliance Posture [High (Safe for Moderate (Sourceis  |Absolute (No Pl exists)
untrusted devs) sensitive)
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Challenges

The choice between PostgreSQL and MySQL significantly influences the technical
requirements for a de-anonymization framework.® PostgreSQL is an object-relational database
that supports a vast array of complex types, including JSSONB, arrays, and custom composite
types.! From a privacy perspective, JSONB is a major risk area because Pll often resides deep
within nested, semi-structured documents that traditional column-based masking tools cannot
easily parse or transform." An effective PostgreSQL masking solution must possess "deep
introspection” capabilities, allowing it to navigate the JSONB structure, identify sensitive keys,
and apply transformations while preserving the document's valid syntax.'

PostgreSQL also utilizes Multi-Version Concurrency Control (MVCC), which has profound
implications for load testing.” MVCC allows readers and writers to operate without blocking

each other, but it also necessitates efficient "vacuuming" to prevent table bloat.”® A masking
process that performs massive UPDATE statements to de-anonymize data in-place will
generate a significant volume of "dead tuples," which can lead to performance degradation
during subsequent load tests if not handled correctly.” Consequently, many PostgreSQL
experts prefer "extract-mask-load" pipelines or "logical dump proxy" architectures that create a
clean, masked clone without the overhead of in-place updates.?
MySQL, by contrast, is often optimized for high-speed transactional throughput and is
frequently deployed with read replicas and sharding strategies.? In MySQL environments, the

priority is often on the efficiency of the mysgldump and replication pipelines.”® Masking tools
for MySQL frequently operate at the stream level, intercepting the output of mysgldump and
transforming INSERT statements using regular expressions or hash functions before the data is
written to a file or a target instance.?* This "pipeline-first" design is essential for handling
multi-gigabyte dumps without exhausting system memory or significantly extending the

backup window.*

Engine Performance Benchmarks for Pre-Production Planning

Performance Metric [PostgreSQL MySQL (Optimized) |Relevance to Load
(Optimized) Testing

Simple SELECT ~32,000 QPS ~42,000 QPS Simple read-heavy

(Indexed) simulation

Complex JOIN (5+ ~4.2 seconds ~12.5 seconds Analytics/Reporting

Tables) simulation

JSON Query ~2.9 seconds ~9.4 seconds Modern web app

Performance simulation

Window Functions  [~5.8 seconds ~15.1 seconds Financial/Temporal
simulation

Select (1M Records) [0.6 ms-0.8 ms 9.0 ms - 12.0 ms Baseline transactional

latency




9

Technical Deep Dive: Open Source De-Anonymization
Tools

The open-source landscape provides several robust options for teams that require high levels
of customization and no licensing costs.? These tools range from specialized discovery
scanners to full-featured anonymization proxies.?

Greenmask: The Go-Based Stateless Proxy

Greenmask has emerged as a premier open-source utility for PostgreSQL anonymization, with
MySQL support currently in active development.? It operates as a stateless logical dump proxy,
allowing it to integrate seamlessly with standard restoration tools like pg_restore.?® One of its
most innovative features is "Transformation Inheritance," which eliminates redundant
configuration by automatically applying masking rules to partitioned tables and foreign key
references.” For load testing, Greenmask's ability to maintain referential integrity through
deterministic transformations—where the same input always produces the same hashed
output—is critical.?® This ensures that IDs remain consistent across tables, allowing joins and
constraints to function normally in the testing environment.?®

Greenmask also supports "Dynamic Parameters," enabling transformers to adapt based on
other column values.?® For example, it can ensure that a created_at timestamp remains logically
earlier than an updated_at timestamp, a level of consistency that is often lost in simpler

masking scripts but is vital for application stability during performance tests.?®
Neosync: Orchestrated Data Streaming

Neosync focuses on the "streaming" aspect of data provisioning, moving data from production
sources to destination databases while applying transformations in-flight.? It includes over 40
pre-built transformers and supports custom code for domain-specific transformations.?®
Neosync's architecture is particularly well-suited for organizations that want to avoid storing
sensitive data in an unmasked state anywhere in their testing infrastructure.?® By handling
subsetting and referential integrity during the streaming process, it allows developers to quickly
spin up lightweight, compliant copies of specific data subsets for localized testing or
debugging.”®

MaskDump and myanon: Efficiency in the Pipeline

For MySQL-heavy environments, tools like MaskDump and myanon prioritize throughput and
pipeline integration.?* MaskDump is a Go-based tool that works on any text file, including SQL
dumps and logs, using regular expressions to find and mask emails and phone numbers.?* It is
designed to process data as a stream, which allows it to handle multi-gigabyte files that would



otherwise exceed the memory limits of traditional parser-based tools.?

myanon, specifically built for MySQL, uses a configuration-driven approach where rules like
emailhash, texthash, and inthash are applied to specific columns during the dump process.” It
even supports custom Python functions for complex logic, such as conditionally masking
names based on the email domain, which allows internal test users to remain unmasked while
anonymizing customer data.?®

Open Source Discovery and Classification

Effective de-anonymization begins with discovery. Tools like PiiCatcher and Hawk-Eye use
advanced techniques to identify sensitive data before masking is applied.?® PiiCatcher
combines regex pattern matching with NLP analysis via the spaCy library to catch both explicitly
named columns (e.g., ssn) and generic columns that contain sensitive content.?® Hawk-Eye
extends this capability beyond the database, scanning cloud storage and file systems using
OCR to find Pll that may have leaked into unstructured formats.?

Commercial Offerings and Enterprise-Grade
Architectures

Commercial platforms differentiate themselves through enterprise scalability, cross-system
integration, and Al-driven data synthesis.! These solutions are often necessary for large
organizations with distributed architectures where a single business entity spans multiple
database technologies.’

K2View: The Entity-Based Micro-Database Paradigm

K2View offers a distinct architectural approach called the "business entity" model." Instead of
treating a database as a collection of tables, K2View unifies all data related to a single business
entity—such as a specific customer or order—from across all source systems into an encrypted
micro-database.’ This approach fundamentally solves the problem of cross-system referential
integrity." If a "Customer ID" is masked in a PostgreSQL database, K2View ensures it is masked
identically in Oracle, Salesforce, and other connected platforms.' This level of consistency is
"non-negotiable" for enterprise-scale testing where end-to-end business flows must be
validated.”

For load testing, K2View's ability to handle massive datasets through parallelization and
incremental syncs is highly regarded.’ It also provides deep introspection for JSONB, parsing
nested documents to find and mask PIl without breaking the syntax or integrity of the
document.” This makes it a "future-proof" solution for hybrid environments that mix legacy
relational databases with modern NoSQL and cloud data warehouses.'

Delphix: Data Virtualization and Agile Provisioning

Delphix is established as a leader in database virtualization, particularly in environments with
multi-terabyte datasets.*® Rather than creating full physical clones, Delphix creates lightweight



"virtual" copies of a masked production database using copy-on-write technology.™ These
virtual copies consume only a fraction of the storage of a full clone and can be provisioned,
refreshed, or "rewound" in minutes.°

While Delphix excels at virtualization, its masking capabilities are often considered secondary to
its provisioning speed.® It typically requires more manual scripting for complex transformations
compared to entity-based or Al-driven tools." However, for performance teams that need to
run repeated load tests on massive production-scale datasets, the infrastructure savings and
speed of Delphix are often the primary drivers for adoption.*

Synthesized.io and Tonic.ai: Data-as-Code and Synthesis

Synthesized.io focuses on a "Data-as-Code" philosophy, allowing developers to define data
requirements through YAML configurations that integrate directly with CI/CD pipelines.? Its Test
Data Kit (TDK) is specifically engineered for multi-terabyte relational databases, using Al to
infer relationships and data distributions to generate meaningful synthetic data.® This allows
teams to find "unknown unknowns"—data quality issues or edge cases that manual rules might
miss—by generating diverse data snapshots that cover a wide range of rare events.’

Tonic.ai emphasizes "structural synthesis," providing a library of generators that mimic
production complexity without using production data.®’” A standout feature of Tonic is its
“Virtual Foreign Keys," which allows users to define relationships that exist in the application
logic but are not explicitly enforced in the database schema.¥ This is invaluable for testing
legacy or denormalized databases where constraints were never formally implemented.”

MOSTLY Al: The Gold Standard for Statistical Accuracy

MOSTLY Al utilizes proprietary algorithms and LLM-powered generation to create synthetic
data that acts as a "seamless drop-in replacement” for production data.?' It is particularly
effective for time-series data, such as transaction histories or behavioral logs, which are
notoriously difficult to anonymize without losing their analytical value.?' By maintaining the
granularity and correlations of the original data, MOSTLY Al allows for highly accurate load
testing that reflects the real-world complexity of user behavior."

Referential Integrity and Subsetting for Performance
Testing

For realistic load testing, the integrity of the data model is just as important as the realism of
the individual values." Referential integrity ensures that the structural relationships between
tables—enforced by primary and foreign keys—are maintained throughout the masking
process.

Subsetting is a critical companion to masking in large-scale environments.® Instead of masking
a full 10TB production database, a subsetting utility extracts a "right-sized" representative
portion—for example, 100GB—while keeping all relational paths intact.® Redgate Test Data
Manager and DATPROF are noted for their efficient subsetting algorithms that allow teams to



integration-test specific business flows (e.g., Customer — Order — Invoice) on a dataset that
provisions faster and costs less to store.*°

Deterministic masking is the primary technical mechanism used to maintain consistency across
tables and systems without fragile synchronization scripts.’® By using a cryptographic salt and a
consistent hashing algorithm, tools can ensure that every occurrence of a specific production
value (e.g., a National ID) is transformed into the same fake value across all environments.? This
is essential for cross-table joins to return correct results during performance testing.?

Compliance and the "Right to be Forgotten”

GDPR's Article 17, the "Right to be Forgotten" (RTBF), creates a complex operational
requirement for test data management.** When a customer requests that their data be erased,
the organization must ensure that this deletion propagates to all system backups and
non-production environments.’

Standard masking tools handle this by maintaining a central "Redacted Users" table containing
non-sensitive identifiers.*® During each masking run or data refresh, the tool consults this list
and explicitly redacts or nulls out all records associated with those identifiers.*> Redgate's Data
Masker for SQL Server and Oracle's Data Masking and Subsetting are cited for providing
detailed reports and audit logs for these redaction operations, ensuring that the organization
can demonstrate compliance to regulators.**

In more advanced "privacy-safe by design" architectures, organizations eliminate the risk
entirely by never using production data in non-prod.” Instead, they create a "gold copy" of
masked or synthetic data and spawn virtualized copies from that gold source.” This ensures
that even if a production backup containing an RTBF request is restored, the sensitive data
never enters the testing pipeline.’

CI/CD Pipeline Integration and Data-as-Code

The modern paradigm of database management emphasizes automation and integration into
CI/CD pipelines.* De-anonymization is no longer a manual, ad-hoc process but a standard
stage in the software delivery lifecycle.*°

Tools like Bytebase and Redgate Flyway treat database schema changes and data provisioning
as code, supporting version control through Git and automated deployment via GitHub Actions
or Jenkins.* Bytebase, in particular, provides an open-source core with a centralized platform
for managing schema changes, SQL queries, and dynamic data masking.? It allows for
*Just-In-Time" (JIT) permissions and audit logs, ensuring that developers can access the
masked data they need for testing without bypassing security controls.*

For high-velocity teams, the goal is a fully automated process where a single YAML workflow
file can trigger the entire sequence: restore a backup — subset the data — classify Pll — mask
using deterministic rules — export to a virtual instance.*° This "Test Data Provisioning as Code"
approach ensures that testing environments are always up-to-date and compliant, reducing
the time spent on manual data preparation from weeks to minutes.™



Economic Evaluation: Pricing and TCO

The choice between open-source and commercial tools involves a complex calculation of
licensing costs, infrastructure requirements, and engineering overhead.™

Offering Pricing Model Target Environment |Deployment Mode
MOSTLY Al Free tier; $3,000/mo  [High-fidelity AlI/ML SaaS or Custom
(Marketplace); Custom
Enterprise
Synthesized Usage-based Enterprise DevOps SaaS or TDK Agent
(Processing volume/DB
Size)
Tonic Structural Free trial; Usage-based [Agile Engineering Cloud or On-Prem
pay-as-you-go
K2View Per Source System Complex Distributed  [Enterprise
(Scalable) Cloud/On-Prem
Delphix Enterprise pricing Large Monolithic Dedicated
(Volume/Traffic) Infrastructure
Greenmask Free (Apache-2.0) Individual Single Binary
Developers/SMEs
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Open-source tools are attractive for their lack of upfront costs and full code transparency,
which is vital for security audits.?” However, they often lack the "enterprise-grade" features
required by large organizations, such as Role-Based Access Control (RBAC), Single Sign-On
(SSO), and professional support.?’ The "hidden cost" of open source is the time and expertise
required for custom scripting and pipeline maintenance.”’

Commercial platforms, while requiring significant investment, offer a faster "Time-to-Value"
(TTV).® For a multi-billion dollar enterprise, the cost of a data breach far outweighs the
licensing fees for a platform that guarantees Pll will never reach a test environment.®
Furthermore, the infrastructure savings realized through subsetting and virtualization can often
offset the platform’s cost over time.*?

Strategic Recommendations for De-Anonymization
Frameworks

The selection of a de-anonymization tool must be aligned with the organization's technical
architecture, testing volume, and compliance risk.?

For organizations characterized by high-scale, monolithic PostgreSQL or MySQL databases,
the primary bottleneck is usually provisioning time and storage.? In these scenarios, Data
Virtualization (e.g., Delphix) combined with a Static Masking engine is the most effective



architectural choice.** This allows the creation of multi-terabyte replicas that can be refreshed
instantly, facilitating rigorous load testing without excessive hardware costs.*

Engineering teams that operate in a microservices or cloud-native environment should
prioritize Entity-Based Masking (e.g., K2View) or Data-as-Code platforms (e.g.,
Synthesized.io, Tonic.ai).' These tools are designed to maintain integrity across distributed
systems and provide the agility needed for fast-moving CI/CD pipelines." The ability to
generate synthetic edge cases is particularly valuable for these teams, as it allows them to test
the resilience of their services against scenarios that have not yet occurred in production.’

For research-oriented or academic use cases where data utility for analysis is paramount,
Advanced Anonymization Tools (e.g., ARX) are recommended.** These tools provide the
formal mathematical guarantees (k-anonymity, differential privacy) required for these
specialized fields, even if they lack the operational automation required for enterprise
DevOps.?’

Finally, for startups or smaller teams, the Open-Source Pipeline (e.g., Greenmask,
PiiCatcher, MaskDump) offers a powerful and flexible starting point.?* By building on top of
these stateless utilities, teams can achieve a high degree of security and realism while
maintaining control over their data protection logic.?®

As the field of synthetic data generation continues to mature, driven by advancements in Large
Language Models and generative Al, the reliance on masked production clones is expected to
diminish." The future of pre-production testing lies in a "privacy-by-design" approach where
test environments are populated with high-fidelity, statistically accurate synthetic replicas that
provide all the benefits of production realism with none of the associated risks.” Organizations
that adopt these sophisticated frameworks today will be best positioned to innovate rapidly
while navigating the increasingly complex global privacy landscape.'
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