
International Journal of Computing and Engineering  

ISSN 2958-7425 (online)   

Vol. 7, Issue No. 13, pp. 23 - 41, 2025                                                      www.carijournals.org 

22 

 

    

    

 

 

 

         Machine Learning-Powered Entity Resolution: A Scalable 

Approach for Real-Time Global Customer Matching 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



International Journal of Computing and Engineering  

ISSN 2958-7425 (online)   

Vol. 7, Issue No. 13, pp. 23 - 41, 2025                                                      www.carijournals.org 

23 

 

    

Machine Learning-Powered Entity Resolution: A Scalable Approach for Real-

Time Global Customer Matching 

Veerababu Motamarri 

Northern Illinois University, USA 

https://orcid.org/0009-0000-2788-4537  

Accepted: 27th June, 2025, Received in Revised Form: 14th July, 2025, Published: 23rd July, 2025 

Abstract 

This article presents a comprehensive approach to entity resolution (ER) that addresses the 

fundamental challenge of accurately unifying customer identities across disparate global data 

sources in real-time environments. The article introduces a hybrid record linkage system that 

transcends the limitations of traditional rule-based approaches by combining deterministic 

blocking with advanced fuzzy matching algorithms and supervised machine learning techniques. 

The article leverages Apache Spark's distributed processing capabilities alongside VoltDB's in-

memory database technology to achieve both the accuracy and performance required for 

enterprise-scale deployment. Our methodology incorporates TF-IDF vectorization, Jaro-Winkler 

distance metrics, and logistic regression ensembles to generate calibrated match likelihood scores 

that enable flexible decision thresholds for different business contexts. Beyond the technical 

implementation, the article presents a holistic framework addressing the operational challenges of 

deploying sophisticated matching systems in regulated environments, including data quality 

monitoring, stakeholder engagement, and governance models that balance algorithmic consistency 

with business flexibility. Performance optimizations significantly reduced processing times while 

maintaining high match quality, enabling both efficient batch reconciliation and real-time 

matching during customer interactions. The system's self-monitoring and continuous learning 

capabilities have created a platform that evolves with changing data patterns rather than degrading 

over time. This article serves as both a technical blueprint and a strategic guide for organizations 

seeking to implement scalable, explainable, and high-performance entity resolution systems in 

complex, global environments. 
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I. Introduction 

Entity resolution (ER) represents one of the most persistent challenges in enterprise data 

management, particularly for financial institutions operating across multiple jurisdictions. The 

ability to accurately identify and link customer records across disparate systems, data sources, and 

markets has profound implications for regulatory compliance, fraud detection, and customer 

experience optimization. Despite decades of advancement in data integration technologies, the 

fundamental problem of determining whether two records refer to the same real-world entity 

remains surprisingly complex [1]. 

Traditional approaches to entity resolution have predominantly relied on deterministic rule-based 

systems that enforce exact or near-exact matching on key identifiers. While effective in controlled 

environments with standardized data, these methods frequently falter when confronted with the 

realities of global operations: inconsistent data entry practices, cultural variations in name 

formatting, transliteration differences, and the inherent ambiguity of natural language. Financial 

institutions in particular face additional challenges from regulatory requirements that mandate 

comprehensive Know Your Customer (KYC) and Anti-Money Laundering (AML) protocols 

across jurisdictions with varying standards and definitions. 

The limitations of conventional methods become particularly apparent in high-volume, real-time 

processing scenarios. Modern financial platforms generate millions of customer interactions daily, 

each potentially containing valuable identity signals that could enhance the institution's unified 

customer view. The inability to process and resolve these signals in near-real time represents a 

significant missed opportunity for enhanced customer profiling and risk assessment. 

Our research addresses these challenges through a novel machine learning-powered approach to 

entity resolution that balances accuracy, explainability, and computational efficiency. By 

combining advanced fuzzy matching algorithms with supervised learning techniques, the article 

has developed a system capable of making intelligent match determinations across both domestic 

and international customer datasets. This hybrid approach demonstrates significant improvements 

over purely rule-based systems while maintaining the transparency necessary for regulated 

environments. 

The contributions of this paper include: (1) a scalable architecture for real-time entity resolution 

using Apache Spark and Spring Boot; (2) an empirical evaluation of database technologies for 

supporting low-latency fuzzy lookups; (3) optimization techniques that reduced processing times 

by over 40%; (4) a novel approach to continuous model improvement through proactive data 

quality monitoring; and (5) a framework for stakeholder engagement that accelerates adoption in 

enterprise environments. 

As organizations increasingly operate in global, digital-first contexts, the need for sophisticated 

entity resolution capabilities will only intensify. This paper provides both theoretical insights and 
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practical implementation guidance for data architects and ML engineers tasked with solving this 

fundamental data integration challenge. 

II. Literature Review 

Evolution of Entity Resolution Techniques 

Entity resolution has evolved considerably since its origins in database deduplication. The 

foundational work by Fellegi and Sunter [2] established the probabilistic matching framework that 

still underpins many modern approaches. As data volumes and complexity increased through the 

1990s and 2000s, the field expanded to incorporate techniques from information retrieval, natural 

language processing, and statistical learning. The emergence of master data management (MDM) 

as a discipline further elevated entity resolution's importance in enterprise data strategy, 

particularly for customer data integration scenarios. 

Rule-Based Matching Systems and Their Limitations 

Traditional rule-based matching systems dominated commercial implementations through the 

early 2000s, relying on domain experts to define explicit match criteria. While effective for well-

structured data within homogeneous environments, these approaches suffered from significant 

limitations. Rule maintenance became increasingly burdensome as data complexity grew, often 

requiring continuous expert intervention. More critically, rule-based systems struggled with 

ambiguous cases and exhibited "brittle" behavior when confronted with unexpected data 

variations. The combinatorial explosion of rules needed to handle international data contexts made 

purely deterministic approaches impractical for global financial institutions. 

Machine Learning Approaches to Entity Resolution 

Machine learning has transformed entity resolution by enabling adaptive matching capabilities that 

traditional systems lacked. Supervised techniques using ensemble methods like random forests 

and gradient boosting have demonstrated superior accuracy by learning complex patterns from 

labeled examples [3]. These approaches excel at capturing non-linear relationships between 

features and determining optimal feature weights without manual specification. More recent 

innovations include transfer learning for cross-domain matching and neural network architectures 

that can encode complex semantic relationships between entities, particularly valuable for 

multilingual scenarios. 

Fuzzy Matching Algorithms in Data Integration 

Fuzzy matching algorithms form a critical component in modern entity resolution systems. String 

similarity metrics like Levenshtein distance and Jaro-Winkler have proven effective for handling 

typographical variations, while phonetic algorithms address pronunciation similarities. Vector 

space models using TF-IDF and more recent word embeddings capture semantic relationships 

beyond character-level similarities. These techniques enable more nuanced matching decisions, 
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particularly for names and addresses where exact matching would fail to identify legitimate 

matches due to variations in formatting, transliteration, or data entry practices. 

Scalability Challenges in Real-time Entity Resolution 

Scaling entity resolution to support real-time decision-making presents significant technical 

challenges. The computational complexity of pairwise comparisons grows quadratically with 

dataset size, making naive implementations impractical for enterprise-scale deployments. 

Blocking and indexing techniques that partition the comparison space have become essential, 

though these introduce trade-offs between computational efficiency and match recall. Distributed 

computing frameworks like Apache Spark have emerged as popular solutions, enabling 

parallelized processing across computing clusters. However, optimizing these frameworks for sub-

second response times while maintaining high accuracy remains challenging, particularly for 

global organizations with billions of customer records. 

III. System Architecture 

Overview of the ML-powered Entity Resolution Framework 

The entity resolution framework implements a multi-tiered architecture optimized for both 

accuracy and performance. The system processes incoming identity records through a pipeline that 

progressively refines match candidates before applying machine learning models to make final 

match determinations. This approach balances computational efficiency with match quality by 

applying increasingly sophisticated algorithms only to promising candidate pairs. The architecture 

supports both batch processing for historical reconciliation and real-time API calls for immediate 

matching needs, with shared matching logic ensuring consistency across both paths. 

RESTful API Design Using Spring Boot and Swagger 

The service layer comprises RESTful APIs developed using Spring Boot, providing standardized 

interfaces for integration across the enterprise. API endpoints support both single-record and batch 

matching operations, with configurable match thresholds and result formats. The implementation 

follows OpenAPI specifications with comprehensive Swagger documentation, enabling self-

service integration for development teams. Authentication leverages OAuth 2.0 with JWT tokens, 

while granular authorization policies control access based on data sensitivity and business purpose. 

APIGEE Deployment for Secure Service Delivery 

APIGEE serves as the API management platform, providing essential capabilities for enterprise-

grade service delivery. The implementation includes sophisticated traffic management with rate 

limiting and request throttling to prevent system overload during peak periods. API versioning 

enables controlled evolution of the service contract without disrupting existing integrations. 

Comprehensive logging captures request patterns and performance metrics, while analytics 

dashboards visualize service utilization trends to inform capacity planning and optimization 

efforts. 
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Apache Spark Implementation Details 

The core matching engine leverages Apache Spark 1.4.1, chosen for its distributed processing 

capabilities and machine learning libraries. The implementation optimizes Spark's RDD operations 

to minimize network shuffling and maximize in-memory processing. Custom partitioning 

strategies ensure equitable workload distribution across the cluster, while specialized broadcast 

variables efficiently distribute reference data to worker nodes. The matching pipeline combines 

deterministic blocking for candidate selection with ML-based scoring for final match decisions, 

executing as a directed acyclic graph (DAG) of transformation operations optimized for the 

specific characteristics of identity data. 

Integration with Existing Data Ecosystems 

Integration with existing data ecosystems occurs through a combination of batch and streaming 

interfaces. For historical processing, the system connects to Hadoop data lakes via optimized 

Spark-Hive connectors, processing millions of records in scheduled jobs. Real-time matching 

leverages Kafka streams to process identity events as they occur, enabling immediate match 

decisions for customer-facing applications [4]. A metadata repository maintains versioned record 

schemas and transformation rules, enabling the system to adapt to evolving data structures without 

requiring code changes. This hybrid integration approach ensures both comprehensive historical 

matching and responsive real-time capabilities across the enterprise data landscape. 

IV. Methodology 

Hybrid Record Linkage Approach 

The methodology employs a hybrid record linkage approach that combines deterministic, 

probabilistic, and machine learning techniques to achieve superior matching accuracy. This multi-

layered strategy begins with deterministic blocking to identify potential match candidates 

efficiently, followed by feature-based similarity calculations and ultimately machine learning 

classification to determine match likelihood. The hybrid approach enables us to leverage the 

strengths of each method: deterministic rules provide computational efficiency and domain-

specific constraints, probabilistic methods handle uncertainty in data quality, and machine learning 

models capture complex, non-linear relationships between identity attributes [5]. 

Feature Engineering for Identity Matching 

Feature engineering proved critical to the success of the entity resolution system. The article 

developed a comprehensive feature set encompassing multiple dimensions of identity data: direct 

attributes (names, addresses, identifiers), derived attributes (age, geography, name frequency), and 

contextual attributes (transaction patterns, relationship networks). For text-based fields, the article 

implemented specialized transformations to address common variations, including name 

standardization, address parsing, and phonetic encoding. Feature importance analysis revealed that 

combinations of weak signals often provided stronger predictive power than individual exact 
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matches, particularly for international records where data standards vary significantly across 

markets. 

Algorithm Selection and Implementation 

The algorithm selection focused on balancing accuracy, interpretability, and computational 

efficiency. For text similarity, the article implemented TF-IDF vectorization to transform name 

and address fields into numerical representations that capture term importance while accounting 

for common terms. This approach proved particularly effective for identifying semantic 

similarities despite superficial textual differences. Jaro-Winkler distance metrics were applied to 

personal names, offering superior performance for transposition errors and common spelling 

variations by emphasizing matches at string beginnings—a characteristic well-suited to name 

comparisons. 

For the final classification decision, the article employed logistic regression ensembles, which 

combine multiple base models trained on different subsets of features and data. This ensemble 

approach demonstrated greater robustness to data quality issues than single-model approaches 

while maintaining the interpretability necessary for compliance requirements. The implementation 

leverages Spark MLlib's pipeline architecture to ensure consistent feature transformation across 

training and prediction phases. 

Match Likelihood Scoring System 

Rather than binary match/non-match decisions, the system produces calibrated match likelihood 

scores between 0 and 1, representing the probability that two records refer to the same entity. Score 

calibration was achieved through Platt scaling, ensuring that model outputs accurately reflect true 

match probabilities. These continuous scores enable flexible decision thresholds tailored to 

different business contexts: higher thresholds for automatic merging, mid-range scores for manual 

review, and lower thresholds for exploratory relationship analysis. The scoring system also 

includes confidence intervals that reflect prediction uncertainty, providing valuable context for 

downstream decision-making. 

Performance Optimization Techniques 

Performance optimization focused on reducing end-to-end latency while maintaining match 

quality. Key techniques included strategic data partitioning to minimize cross-node 

communication, aggressive caching of reference datasets and intermediate results, and 

computation reuse through memoization of expensive similarity calculations. The article 

implemented a multi-stage blocking strategy that progressively applies increasingly selective 

criteria, dramatically reducing the candidate set requiring full feature comparison. These 

optimizations collectively reduced average processing time by 43% compared to the initial 

implementation while maintaining equivalent match accuracy. 
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V. Database Evaluation and Selection 

Requirements for Real-time Entity Resolution 

The database evaluation began with a comprehensive requirements analysis for real-time entity 

resolution. Key requirements included: sub-100ms response times for individual match requests, 

support for complex fuzzy queries against millions of reference records, high write throughput for 

continuous data updates, strong consistency guarantees for regulatory compliance, and seamless 

horizontal scalability to accommodate growing data volumes. Additionally, the solution needed to 

support specialized indexing structures for approximate string matching and handle complex data 

types, including arrays and nested objects. 

Comparative Analysis of Database Solutions 

The article conducted rigorous benchmarking of three leading database technologies. VoltDB, an 

in-memory NewSQL database, demonstrated exceptional throughput for read-heavy workloads 

and strong support for complex analytical queries through its stored procedure architecture. The 

VoltDB implementation leveraged partitioned tables and compiled stored procedures to maximize 

parallel execution. PostgreSQL with appropriate extensions (pg_trgm, fuzzystrmatch) offered 

robust fuzzy matching capabilities and rich indexing options, though with higher latency than in-

memory alternatives. The evaluation included testing with different PostgreSQL configuration 

parameters and specialized GiST and GIN indexes optimized for similarity queries. 

Altibase, a hybrid in-memory/disk database, showed promising results for mixed workloads, 

balancing performance with data persistence guarantees. The benchmarking of Altibase focused 

on its hybrid capabilities, particularly its ability to seamlessly migrate data between memory and 

disk tiers based on access patterns. This approach proved valuable for managing reference datasets 

too large to fit entirely in memory while maintaining performance for frequently accessed records. 

Latency, Throughput, and Consistency Metrics 

The evaluation employed standardized benchmarks measuring key performance indicators across 

multiple dimensions. Latency tests revealed VoltDB's superior performance, with 95th percentile 

response times under 15ms for complex fuzzy matching queries compared to 47ms for PostgreSQL 

and 28ms for Altibase. Throughput testing demonstrated VoltDB's ability to handle over 20,000 

match requests per second on the reference hardware, significantly outperforming alternatives. 

Consistency testing under concurrent write/read workloads confirmed that all three solutions 

maintained transactional integrity, though with varying impact on performance under high 

contention [6]. 

Final Selection Rationale 

VoltDB was ultimately selected as the primary database platform based on its superior 

performance characteristics and architectural alignment with the use case. The decision was driven 

by several factors: its in-memory architecture eliminated I/O bottlenecks for frequently accessed 
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reference data, its deterministic concurrency control enabled predictable performance under 

varying loads, and its stored procedure approach reduced network overhead for complex matching 

operations. While PostgreSQL offered greater ecosystem maturity and Altibase provided better 

support for larger-than-memory datasets, VoltDB's significant performance advantage for the 

specific workload profile made it the optimal choice for the real-time entity resolution 

requirements. 

Table 1: Database Technology Evaluation Results for Real-Time Entity Resolution [6] 

Database 

Technology 

Latency 

(95th 

percentile) 

Max 

Throughput 

(match 

requests/sec) 

Key Advantages Limitations 

VoltDB 15ms >20,000 

In-memory performance, 

stored procedure 

optimization, and 

Deterministic concurrency 

Limited support 

for larger-than-

memory datasets 

PostgreSQL 47ms 8,400 

Rich ecosystem, 

Advanced indexing 

(GiST/GIN), Robust fuzzy 

extensions 

Higher latency 

for complex 

queries 

Altibase 28ms 12,600 

Hybrid memory/disk 

architecture, Seamless 

data migration 

More complex 

configuration 

requirements 

 

VI. Performance Optimization 

Spark RDD Transformation Strategies 

The performance optimization began with a systematic analysis of Spark RDD transformation 

patterns within the matching pipeline. The article identified several transformation anti-patterns 

that introduced unnecessary shuffling operations, including excessive groupByKey operations that 

could be replaced with more efficient reduceByKey alternatives. By restructuring the 

transformation chains to minimize data movement across the cluster, the article significantly 

reduced network overhead. Additionally, the article implemented custom partitioners that 

preserved locality for related records, ensuring that potentially matching entities remained on the 

same executor whenever possible. This partition optimization reduced cross-node comparisons by 

approximately 35%, yielding substantial performance improvements for large-scale matching 

operations. 
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Caching Implementation and Benefits 

Strategic caching proved essential for optimizing the entity resolution pipeline. The article 

implemented a multi-level caching strategy that persisted frequently accessed datasets at different 

stages of the processing flow. Reference data used for standardization and normalization was 

broadcast to all executors, while intermediate RDDs containing blocked candidate pairs were 

explicitly cached with the MEMORY_AND_DISK persistence level. This approach balanced 

memory utilization with computation savings, particularly for iterative processing that repeatedly 

accessed the same datasets. Cache hit ratio monitoring allowed us to continuously refine the 

caching strategy, ultimately achieving over 90% cache utilization for common workloads. 

Job Completion Time Improvements 

The combined optimization efforts yielded significant reductions in job completion times across 

various workload profiles. For the standard benchmark dataset of 10 million records, the optimized 

pipeline reduced processing time from 76 minutes to 43 minutes—a 43% improvement. More 

importantly, the variance in completion times decreased substantially, with the standard deviation 

dropping from 12.3 minutes to 4.8 minutes. This increased predictability proved particularly 

valuable for operational planning and SLA management. The most dramatic improvements 

occurred for incremental matching jobs, where completion times improved by over 60% due to 

effective reuse of previously computed intermediate results. 

Scalability Testing Methodology 

We developed a comprehensive scalability testing methodology to evaluate system performance 

across varying data volumes and cluster configurations. The approach included both vertical 

scaling tests (increasing resources per node) and horizontal scaling tests (increasing node count), 

with standardized metrics for throughput, latency, and resource utilization. Test datasets were 

synthetically generated with controlled characteristics, including configurable error rates, 

duplication patterns, and attribute distributions. This methodology enabled us to identify the 

optimal cluster configuration for different workload profiles and predict performance as data 

volumes increased [7]. 



International Journal of Computing and Engineering  

ISSN 2958-7425 (online)   

Vol. 7, Issue No. 13, pp. 23 - 41, 2025                                                      www.carijournals.org 

32 

 

    

 

Fig 1: Optimization Impact on Job Completion Times [7] 

Results of Optimization Efforts 

The optimization efforts demonstrated near-linear scalability up to 50 nodes, with only modest 

degradation beyond that point due to increased coordination overhead. Resource utilization 

analysis revealed balanced CPU and memory consumption across the cluster, avoiding the 

bottlenecks that had plagued the initial implementation. The optimized system successfully 

processed the largest production dataset, comprising over 100 million customer records from 23 

countries, in under 3 hours, meeting the operational requirements for overnight batch processing. 

Perhaps most importantly, the system maintained consistent performance characteristics even as 

data volumes increased, providing predictable scaling behavior essential for capacity planning. 

VII. Experimental Results 

Accuracy Metrics Comparison 

The experimental evaluation compared the machine learning-based entity resolution system 

against both the legacy rule-based system and a commercial off-the-shelf (COTS) matching 

solution. Across a manually validated test dataset of 50,000 record pairs, the approach achieved 

an overall accuracy of 94.2%, compared to 82.7% for the rule-based system and 89.1% for the 

COTS solution. The most significant improvements occurred for complex cases involving partial 

information and cross-cultural name variations—scenarios that had proven particularly 

challenging for deterministic approaches. These results validated the hybrid approach's ability to 

capture the nuanced patterns that human experts use when making match determinations. 
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Precision and Recall Analysis 

Detailed precision and recall analysis revealed important performance characteristics across 

different match scenarios. For domestic customer matching within single markets, the system 

achieved 96.8% precision and 93.5% recall, representing a modest improvement over the legacy 

approach. However, for cross-market international matching, the system demonstrated 91.4% 

precision and 88.9% recall, compared to 68.2% precision and 71.5% recall for the rule-based 

system—a dramatic improvement in both dimensions. This differential performance highlights the 

particular strength of machine learning approaches for handling the heterogeneous data patterns 

found in global operations. 

Performance Benchmarks against Legacy Systems 

Performance benchmarking against the legacy system revealed substantial improvements in both 

throughput and latency. For batch processing scenarios, the system demonstrated a 5.3x 

improvement in records processed per minute on equivalent hardware. For real-time API calls, 

median response time decreased from 427ms to 86ms, with 95th percentile latency improving from 

1893ms to 142ms. These performance gains enabled new use cases that had previously been 

infeasible, particularly real-time matching during customer onboarding processes. The improved 

performance characteristics also reduced infrastructure costs by approximately 60% for equivalent 

workloads. 

Cross-Market Matching Effectiveness 

Cross-market matching presented unique challenges due to variations in data collection practices, 

cultural naming conventions, and identifier availability across regions. The evaluation specifically 

examined matching effectiveness for customers appearing in multiple national markets. The 

machine learning approach demonstrated substantial improvements in this context, correctly 

identifying 83% of cross-market matches compared to only 51% for the rule-based system. These 

improvements stemmed primarily from the model's ability to adapt to market-specific patterns 

without requiring explicit rule modifications for each new market or data source [8]. 

Error Analysis and Edge Cases 

Detailed error analysis identified several challenging edge cases where even the machine learning 

approach struggled. These included: extremely common names with limited distinguishing 

information, records with deliberately falsified information, complex household relationships 

(particularly in cultures with patrilineal naming patterns), and cases with temporal inconsistencies 

due to life events. The analysis informed targeted improvements, including specialized features 

for high-frequency names and enhanced temporal reasoning capabilities. By addressing these edge 

cases, the article further improved overall system performance while providing transparent 

documentation of known limitations for compliance purposes. 
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Fig. 2: Match Accuracy by Record Complexity and Market Context [8] 

VIII. Data Quality Monitoring 

Proactive Anomaly Detection System 

The data quality monitoring framework implements a proactive anomaly detection system that 

continuously evaluates incoming data streams against established baselines. The system employs 

multivariate statistical process control techniques to identify significant deviations in key data 

quality dimensions, including completeness, consistency, and conformity. Monitoring occurs at 

both attribute and record levels, with specialized detectors for patterns that commonly precede 

match quality degradation. When anomalies are detected, the system generates targeted alerts with 

contextual information to guide remediation efforts. This proactive approach has reduced the mean 

time to detect data quality issues from days to minutes, enabling rapid intervention before matching 

performance is significantly impacted. 

Historical Match Statistics Analysis 

Historical match statistics provide a rich foundation for understanding normal variations in 

matching patterns and identifying meaningful shifts that require attention. The analysis pipeline 

aggregates match outcomes across multiple dimensions, including source systems, geographic 

regions, and customer segments. Time series decomposition techniques separate seasonal patterns 
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from underlying trends, enabling accurate detection of gradual shifts that might otherwise remain 

unnoticed. Particularly valuable are longitudinal analyses of match confidence distributions, which 

often reveal subtle changes in data quality long before they manifest as explicit matching errors 

[9]. 

Real-time Data Integrity Monitoring 

The real-time data integrity monitoring component operates alongside the matching pipeline, 

validating incoming records against a comprehensive set of data quality rules. Unlike traditional 

data validation that focuses solely on format and range constraints, the approach emphasizes 

semantic integrity—the logical consistency of information within and across records. The system 

employs a combination of deterministic rules and statistical models to identify improbable or 

impossible attribute combinations, particularly those likely to confuse matching algorithms. 

Integration with the entity resolution workflow enables immediate feedback, allowing operators 

to quarantine problematic records before they contaminate the customer master data repository. 

Feedback Mechanisms for Continuous Learning 

Continuous improvement relies on robust feedback loops that capture information about matching 

decisions and outcomes. The article implemented multiple feedback mechanisms, including 

explicit review of uncertain matches by domain experts, reconciliation of conflicting match 

decisions across systems, and automated learning from corrected matches. Each adjudicated match 

decision generates a new training example, gradually expanding the system's knowledge base to 

include challenging edge cases. This supervised feedback loop has proven particularly valuable 

for adapting to new data sources and evolving patterns in customer information, ensuring the 

system remains effective as business conditions change. 

Self-tuning Capabilities 

The entity resolution system incorporates self-tuning capabilities that automatically adjust 

operational parameters based on observed performance. Key tunable elements include blocking 

key selection, similarity threshold calibration, and feature weight optimization. The self-tuning 

process leverages Bayesian optimization techniques to efficiently explore the parameter space 

without requiring exhaustive search. Performance metrics from production operations inform 

parameter adjustments, creating a closed-loop system that continuously refines its own behavior. 

This approach has reduced manual tuning efforts by approximately 70% while simultaneously 

improving match quality through more frequent and targeted parameter updates. 

IX. Stakeholder Engagement and Knowledge Transfer 

Technical Presentation Methodologies 

Effective communication of complex entity resolution concepts requires specialized presentation 

methodologies tailored to different stakeholder audiences. For technical stakeholders, the article 

developed interactive demonstrations that visualized the matching process, showing how records 
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progressed through blocking, comparison, and classification stages. These presentations 

incorporated real examples from production data (appropriately anonymized), highlighting both 

successful matches and challenging edge cases. For business stakeholders, the article focused on 

impact narratives that connected matching improvements to specific business outcomes, including 

reduced onboarding friction, enhanced fraud detection, and improved customer experience through 

consistent recognition across channels [10]. 

Design Walkthrough Processes 

Design walkthroughs proved essential for validating architectural decisions and implementation 

approaches. The article established a structured review process involving cross-functional 

participants from data science, engineering, operations, and compliance teams. Each walkthrough 

followed a standardized format: context setting, proposed design presentation, guided examination 

of key decision points, and explicit articulation of trade-offs. This methodology surfaced important 

considerations that might otherwise have been overlooked, particularly regarding operational 

supportability and compliance requirements. The collaborative nature of these sessions fostered 

shared ownership and accelerated consensus-building around complex design decisions. 

Training Program for Stakeholders and Interns 

Knowledge transfer was formalized through a comprehensive training program targeting both 

permanent stakeholders and rotating interns. The curriculum covered conceptual foundations of 

entity resolution, technical implementation details, and operational procedures for monitoring and 

troubleshooting. Training materials incorporated a progression of increasingly complex scenarios, 

allowing participants to build confidence with fundamental concepts before tackling advanced 

topics. For technical interns, the article implemented a mentored project approach where each 

intern developed a focused enhancement to the matching system, providing hands-on experience 

while contributing meaningful improvements to the platform. 

Strategies for Achieving Organizational Buy-in 

Securing organizational commitment required addressing concerns across multiple stakeholder 

groups with different priorities and perspectives. The article developed a multi-faceted approach 

that emphasized different benefits for different audiences: cost reduction and operational 

efficiency for finance and operations teams, improved customer experience and cross-selling 

opportunities for business units, enhanced compliance capabilities for risk and legal teams, and 

technical innovation for engineering leadership. Pilot implementations with carefully selected 

business units generated early success stories that built momentum for broader adoption. Regular 

showcase events highlighting quantifiable improvements maintained executive visibility and 

support throughout the multi-year implementation journey. 
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Transparency and Interpretability Approaches 

Given the critical nature of entity resolution decisions, transparency and interpretability were 

essential for building trust in the system. The article implemented multiple approaches to make 

matching decisions explainable to both technical and business users. Feature importance 

visualizations illustrated which attributes contributed most significantly to specific match 

decisions, while confidence indicators communicated the system's certainty about particular 

outcomes. For regulatory purposes, we developed detailed audit trails that documented the 

complete reasoning chain for each match decision, including all considered evidence and applied 

rules or models. This comprehensive approach to interpretability satisfied compliance 

requirements while building stakeholder confidence in the system's decision-making capabilities.  

Table 2: Performance Comparison of Entity Resolution Approaches [8] 

Approach 
Overall 

Accuracy 

Cross-Market 

Accuracy 

Avg. Response 

Time 
Scalability 

Legacy Rule-Based 

System 
82.7% 

68.2% precision / 

71.5% recall 
427ms Limited 

Commercial Off-

the-Shelf Solution 
89.1% Not reported 315ms Moderate 

ML-Powered 

Hybrid Approach 
94.2% 

91.4% precision / 

88.9% recall 
86ms 

Near-linear to 50 

nodes 

 

X. Governance and Deployment 

Match Rule Override Frameworks 

The governance model implements a structured approach to match rule overrides, balancing 

algorithmic consistency with business flexibility. The framework establishes a tiered override 

system with three levels: global overrides applied across all matching contexts, segment-specific 

overrides targeting particular customer segments or markets, and temporary overrides addressing 

transient data quality issues. Each override requires formal documentation, including business 

justification, expected impact, and sunset provisions. A cross-functional review committee 

evaluates override requests against established criteria, maintaining a comprehensive audit trail of 

all approved modifications. This disciplined approach prevents the proliferation of ad-hoc 

exceptions that plagued the previous system while providing necessary flexibility for legitimate 

business requirements. 

 



International Journal of Computing and Engineering  

ISSN 2958-7425 (online)   

Vol. 7, Issue No. 13, pp. 23 - 41, 2025                                                      www.carijournals.org 

38 

 

    

Hyperparameter Tuning in Evolving Datasets 

Maintaining optimal performance as datasets evolve requires systematic hyperparameter tuning. 

The article implemented an automated experimentation framework that continuously evaluates 

parameter configurations against representative validation datasets. The system employs Bayesian 

optimization techniques to efficiently explore the parameter space, focusing computational 

resources on promising regions. Performance metrics from these experiments inform scheduled 

retraining cycles, with parameter updates deployed through a controlled promotion process from 

development to production environments. This approach has proven particularly valuable for 

adapting to gradual shifts in data characteristics that might otherwise degrade matching 

performance over time. 

Regulatory Considerations for Global Deployment 

Global deployment introduced complex regulatory requirements varying by jurisdiction. The 

approach emphasizes compliance by design, incorporating regulatory constraints directly into the 

system architecture. Key considerations included data residency requirements in regions like the 

EU and China, which necessitated a distributed deployment model with region-specific processing 

nodes. Different jurisdictions also imposed varying standards for match confidence thresholds, 

particularly for automated decisioning processes affecting consumer outcomes. The system 

accommodates these differences through configurable policy enforcement that applies appropriate 

standards based on jurisdiction, ensuring consistent compliance across diverse regulatory 

environments. 

Market-Specific Adaptation Strategies 

Effective entity resolution across diverse markets required specialized adaptation strategies 

addressing regional variations in data quality, availability, and formatting. The article developed 

market-specific reference data sets for name standardization, address parsing, and identifier 

validation, reflecting local conventions and practices. Specialized features capture market-specific 

signals—for example, household structure indicators in markets where family relationships 

strongly influence identity patterns. The matching pipeline incorporates market context as a first-

class concept, applying appropriate reference data and feature transformations based on record 

origin. This contextual awareness significantly improved cross-market matching accuracy without 

requiring separate implementations for each market. 

Compliance and Data Privacy Safeguards 

Data privacy considerations profoundly influenced the implementation approach, particularly 

given the sensitivity of customer identification information. The article implemented 

comprehensive safeguards, including field-level encryption for sensitive attributes, purpose-based 

access controls restricting data usage to authorized functions, and detailed audit logging of all 

access and processing activities. The system applies data minimization principles, transforming 
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identifiers into irreversible embeddings where possible to support matching without exposing raw 

personal data. These technical controls are complemented by formal governance processes that 

evaluate privacy implications before new data sources are incorporated or existing ones 

repurposed. 

XI. Lessons Learned and Best Practices 

Critical Success Factors 

The implementation experience revealed several critical success factors for enterprise-scale entity 

resolution initiatives. Cross-functional collaboration proved essential, particularly early 

engagement with compliance, risk, and business stakeholders to align technical approaches with 

organizational requirements. Incremental delivery focusing on high-value use cases built 

momentum while allowing the team to refine approaches based on real-world feedback. 

Investments in data quality monitoring and remediation capabilities paid significant dividends, as 

matching performance ultimately depends on input data quality. Perhaps most importantly, 

maintaining balance between automated decision-making and human oversight establishes 

appropriate guardrails while leveraging the strengths of both approaches [11]. 

Implementation Challenges and Solutions 

Several implementation challenges required creative solutions during the project lifecycle. Initial 

performance issues with the distributed matching pipeline were addressed through custom 

partitioning strategies that reduced cross-node data transfer requirements. Inconsistent training 

data quality led to the development of a data curation workflow that identifies and resolves 

contradictions before model training. Explaining complex machine learning decisions to business 

stakeholders presented communication challenges, which were overcome through interactive 

visualization tools that decompose match scores into interpretable components. For each 

challenge, the team documented both the solution approach and lessons learned, creating an 

institutional knowledge base that accelerated the resolution of similar issues in subsequent phases. 

Recommended Governance Models 

Based on the experience, the article recommends a tiered governance model for entity resolution 

systems that separates concerns while ensuring appropriate oversight. At the strategic level, an 

executive steering committee establishes overall direction and priorities, with representation from 

business, technology, and compliance functions. At the tactical level, a model governance board 

reviews matching performance metrics, approves significant algorithmic changes, and manages 

the model lifecycle. At the operational level, data stewards address day-to-day data quality issues 

and coordinate remediation efforts. This multi-level approach provides appropriate oversight while 

maintaining the agility needed to respond to emerging requirements and opportunities. 

 

 



International Journal of Computing and Engineering  

ISSN 2958-7425 (online)   

Vol. 7, Issue No. 13, pp. 23 - 41, 2025                                                      www.carijournals.org 

40 

 

    

Maintenance and Monitoring Strategies 

Sustainable operation requires comprehensive maintenance and monitoring strategies that address 

both technical and business dimensions. Our approach includes automated health checks that 

continuously validate system behavior against expected patterns, with tiered alerting based on 

deviation severity. Performance degradation often manifests gradually, so the article implemented 

trend analysis that identifies concerning trajectories before they reach critical thresholds. 

Scheduled maintenance windows incorporate not just technical updates but also model retraining 

and parameter optimization based on accumulated operational data. This proactive stance on 

maintenance has significantly reduced unplanned outages and performance incidents compared to 

reactive approaches. 

Future-proofing Considerations 

Several design decisions specifically addressed future-proofing considerations to ensure the 

system remains viable as requirements evolve. The modular architecture separates matching logic 

from data access patterns, enabling independent evolution of these components. Extensible feature 

engineering pipelines accommodate new data sources and attribute types without requiring core 

architectural changes. The system exposes standardized APIs that abstract implementation details, 

allowing internal components to evolve without disrupting downstream consumers. Perhaps most 

importantly, comprehensive documentation of design rationale—not just technical 

specifications—preserves the context for decisions, enabling future teams to understand not just 

what was built but why certain approaches were chosen over alternatives. 

Conclusion 

This article has presented a comprehensive framework for machine learning-powered entity 

resolution that addresses the challenges of global customer matching in real-time environments. 

The article achieved significant improvements in both accuracy and performance compared to 

traditional rule-based systems. The architecture's integration of Apache Spark processing with 

VoltDB's in-memory capabilities delivered the scalability and responsiveness required for 

enterprise-scale deployment, while the governance framework ensured compliance with diverse 

regulatory requirements across international markets. Performance optimizations reduced 

processing times by 43%, enabling both efficient batch reconciliation and real-time matching 

during customer interactions. Perhaps most significantly, the system's self-monitoring and 

continuous learning capabilities have created a platform that evolves with changing data patterns 

rather than degrading over time. While challenges remain, particularly for exceptionally common 

names and deliberately falsified information, the architecture provides a foundation for ongoing 

innovation. Future work will explore promising directions, including graph-based entity resolution 

for relationship networks, federated learning approaches that respect data residency constraints, 

and the application of transfer learning to accelerate adaptation to new markets. As organizations 

increasingly operate in global, digital-first contexts, the article believes this approach offers a 
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blueprint for achieving the unified customer view essential for both operational excellence and 

strategic advantage. 
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