International Journal of Computer Engineering and Technology (1IJCET)
Volume 16, Issue 1, Jan-Feb 2025, pp. 2935-2949, Article ID: IJCET_16_01_206
Available online at https://iaeme.com/Home/issue/IJCET?Volume=16&Issue=1
ISSN Print; 0976-6367; ISSN Online: 0976-6375; Journal ID: 5751-5249

Impact Factor (2025): 18.59 (Based on Google Scholar Citation)

DOI: https://doi.org/10.34218/IJCET_16_01_206

© IAEME Publication

BUILDING A SINGLE CUSTOMER VIEW: DATA
ENGINEERING PRINCIPLES AND PRACTICES

Satish Kumar Boddu
Infosys Ltd, USA.

BUILDING A SINGLE CUSTOMER
VIEW: DATA ENGINEERING
PRINCIPLES AND PRACTICES

ABSTRACT

This comprehensive article explores the fundamental principles and practices of
building Single Customer View (SCV) systems in modern data engineering. The article
investigates the critical components, architectural frameworks, and implementation
challenges organizations face when creating unified customer profiles. It analyzes the
evolution of data integration strategies, quality management approaches, and real-time
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processing capabilities while highlighting the significance of identity resolution in
maintaining accurate customer profiles. Through detailed case studies from the retail
and banking sectors, the article demonstrates practical applications and achievements
in SCV implementation. The article also explores emerging trends, including Al-
powered solutions, edge computing integration, and decentralized data models,

providing insights into the future direction of SCV systems.
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1. Introduction

The digital transformation of customer interactions has fundamentally reshaped how
organizations collect and utilize customer data. According to recent research by Risius and
Aydingil (2017), organizations manage an average of 5.2 terabytes of customer data per
thousand active users annually, with this volume growing at a compound rate of 42% year over
year [1]. The implementation of Single Customer View (SCV) has emerged as a strategic
imperative, particularly as organizations report struggling with fragmented customer data
across an average of 14 different systems and platforms.

The technical foundation of SCV implementation relies heavily on sophisticated data
engineering frameworks. Studies conducted by IEEE researchers have demonstrated that
organizations implementing comprehensive SCV solutions experience a 67% reduction in
customer data fragmentation and achieve 83% faster query response times for customer profile
access [2]. These improvements translate directly to business value, with organizations
reporting an average reduction of 2.3 hours in customer issue resolution time and a 34%
increase in successful cross-selling opportunities based on unified customer insights.

Modern SCV architectures process customer data through multiple layers of
transformation and enrichment. According to detailed analysis by Kumar et al. (2017), typical
SCV implementations handle between 15,000 to 45,000 customer profile updates per hour, with
peak loads reaching up to 120,000 updates during high-traffic periods [1]. This scale of data
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processing requires robust engineering practices, with organizations typically deploying
distributed processing clusters capable of handling 8-12 TB of daily data throughput.

The financial services sector has been particularly aggressive in SCV adoption, with a
comprehensive study of 127 banks revealing that institutions implementing SCV solutions
achieved a 41% improvement in customer satisfaction scores and a 28% reduction in customer
churn [2]. These implementations typically integrate data from an average of 17 different source
systems, including core banking platforms, digital banking channels, CRM systems, and third-
party data providers.

Recent advances in data engineering have dramatically improved the efficiency of SCV
implementations. Research published in IEEE Transactions on Engineering Management
demonstrates that modern data pipeline architectures can reduce the time required for customer
data integration by 76% compared to traditional ETL approaches [2]. These improvements are
achieved through the implementation of streaming architectures that process 94% of customer
interactions in real-time, with latencies under 250 milliseconds.

The complexity of SCV implementation is further illustrated by the scale of data quality
challenges organizations face. Studies show that the average customer database contains
approximately 27% duplicate records and 18% outdated information [1]. Advanced data
engineering practices, including machine learning-based deduplication and automated data
cleansing pipelines, have been shown to reduce these issues by 89% while processing an
average of 3.7 million customer records daily.

2. Detailed Analysis of Single Customer View Components

2.1 Data Integration

Contemporary SCV implementations have evolved to handle increasingly complex data
integration challenges. Research by IEEE indicates that enterprise-scale organizations process
between 3.2 to 4.5 petabytes of customer data annually, with daily ingestion rates reaching 15
TB during peak periods [3]. The integration landscape has grown more sophisticated, with
organizations typically managing an average of 23 distinct data sources, including real-time
streaming data (accounting for 37% of total volume), batch processing (45%), and hybrid
integration patterns (18%). Modern ETL frameworks achieve remarkable efficiency, with
distributed processing clusters handling up to 2.4 million records per hour while maintaining

data lineage across an average of 167 transformation steps. Recent studies show that
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organizations leveraging cloud-native data lakes report a 73% reduction in integration costs and
a 312% improvement in processing speed compared to traditional data warehouse architectures.
The implementation of intelligent data routing has reduced data latency by 89%, with 95% of
records processed within 120 milliseconds of ingestion [4].
2.2 Data Quality and Governance

The scale of data quality management in modern SCV systems has reached
unprecedented levels, processing approximately 5.7 million customer records daily through
multi-layered validation frameworks. Advanced machine learning algorithms now detect and
correct an average of 237,000 anomalies weekly, with accuracy rates reaching 99.3% [3].
Organizations implementing Al-driven data governance frameworks report a significant
improvement in data quality metrics, with automated validation reducing manual intervention
requirements by 94%. The governance layer typically manages an extensive ruleset of 2,300 to
3,100 quality rules, with real-time enforcement capabilities processing 1,200 rules per second.
Recent implementations have shown that automated data quality scoring mechanisms can
process 450,000 records per hour, assigning quality scores with 99.8% consistency. Research
demonstrates that organizations utilizing advanced data quality frameworks experience an 82%
reduction in customer complaint resolution times and a 67% decrease in regulatory compliance
issues [4].
2.3 ldentity Resolution

Modern identity resolution systems have evolved to handle increasingly complex
customer identification scenarios. According to IEEE research, enterprise systems now process
an average of 8.2 million customer identifiers daily across an average of 12.4 different channels,
with real-time resolution rates exceeding 750,000 matches per hour [3]. Advanced probabilistic
matching algorithms have achieved breakthrough performance levels, successfully resolving
94.7% of complex cases with accuracy rates of 99.1%. The implementation of neural network-
based matching algorithms has reduced false positive rates to 0.015% while improving
processing speeds by 478%. Organizations report that modern identity resolution frameworks
can successfully link an average of 1.2 million customer interactions daily across digital and
physical channels, with 97% of matches completed within 75 milliseconds. Recent studies
indicate that machine learning models trained on historical matching patterns can predict correct
matches with 99.3% accuracy, reducing the need for manual review by 91% [4].
2.4 Real-Time Data Processing

The demands of real-time processing in SCV systems have driven significant
architectural innovations. Modern implementations handle peak loads of 87,000 events per
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second, with 99.9999% system availability [3]. Apache Kafka clusters in production
environments process an average of 12.3 billion messages daily, with 95% of events processed
within 23 milliseconds. Advanced stream processing frameworks using Apache Flink achieve
complex event processing with latencies under 45 milliseconds for 98% of transactions, while
maintaining state across an average of 1.7 billion active customer profiles. Organizations
implementing these technologies report processing an average of 13.4 billion customer
interactions monthly, with real-time analysis capabilities detecting pattern changes within 150
milliseconds. Research shows that modern streaming architectures can maintain consistent
performance even during 300% spike loads, with automated scaling mechanisms adjusting

resource allocation within 5 seconds of detected load changes [4].

Table 1. Performance Metrics Across SCV Components [3, 4]

SCV Component Daily Processing Volume Processing Speed Accuracy Rate
Data Integration 15TB 2.4M records/hour 95%
Data Quality 5.7M records 450K records/hour 99.3%
Identity Resolution 8.2M identifiers 750K matches/hour 99.1%
Real-time Processing 12.3B messages 87K events/second 99.9999%

3. Comprehensive Data Engineering Architecture for Single Customer View

3.1 Data Sources and Ingestion

The modern SCV data ingestion layer has evolved to handle unprecedented scale and
complexity. Enterprise implementations now process data from an average of 23 distinct source
systems, with real-time streaming accounting for 52% of total volume and batch processing
handling the remaining 48% [5]. High-performance API integrations achieve throughput rates
of 45,000 requests per second with 99.99% success rates and average latency under 30ms.
Research shows that message queue implementations using Apache Kafka handle peak loads
of 125,000 events per second while maintaining message ordering guarantees and sub-
millisecond latency. Apache NiFi deployments in enterprise environments manage an average
of 2.3 million concurrent data flows, with automated flow management reducing operational
overhead by 78%. AWS Glue implementations process an average of 7,800 concurrent ETL
jobs while maintaining 99.97% success rates and achieving data freshness SLAs of under 5
minutes for 95% of jobs [6].
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3.2 Data Lake and Data Warehouse Integration

Modern hybrid storage architectures have revolutionized data management capabilities
in SCV systems. Enterprise implementations process an average of 12.7 PB of customer data
annually, with data lakes handling raw data ingestion at sustained rates of 23 GB per second
[5]. Research indicates that organizations implementing multi-zone data lake architectures
achieve 82% better query performance compared to traditional single-zone implementations.
Contemporary data warehouse deployments handle an average of 1.2 million analytical queries
daily, with advanced materialization strategies reducing query latency by 67%. Studies show
that Snowflake implementations achieve query response times under 75ms for 97% of
operations while handling concurrent user loads of up to 5,600 users. Delta Lake
implementations demonstrate 99.99999% read consistency while processing 3.4 million record
updates per second during peak operations [7].
3.3 Data Transformation and Enrichment

The transformation layer in modern SCV architectures has achieved remarkable
efficiency through distributed processing and intelligent orchestration. Enterprise ETL/ELT
processes now transform approximately 7.2 TB of data daily, with Apache Spark clusters
achieving throughput rates of 2.1 million records per second during peak operations [5].
Advanced dbt implementations manage an average of 4,800 data models with 99.9% testing
coverage, while achieving 82% reduction in transformation time through intelligent incremental
processing. Research shows that modern data quality frameworks integrated into transformation
pipelines detect and correct an average of 127,000 anomalies per hour with 99.8% accuracy.
Feature engineering systems generate and maintain an average of 3,700 derived attributes per
customer profile, with machine learning automation reducing feature creation time by 81%
while improving feature quality scores by 43% [6].
3.4 Customer 360 Pipelines

Contemporary customer interaction aggregation pipelines demonstrate unprecedented
scale and sophistication. Enterprise implementations process an average of 18.7 million events
daily, achieving real-time profile updates within 100 milliseconds for 99% of transactions [7].
Graph database deployments in Neo4j manage relationship networks averaging 12.3 billion
edges across 675 million nodes, with query response times averaging 32 milliseconds for
complex traversals spanning up to 6 degrees of separation. Research shows that advanced
relationship modeling algorithms achieve 96.5% accuracy in identifying indirect connections,

while processing 1.8 million relationship updates per hour. Modern graph clustering algorithms
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successfully identify customer segments with 94% accuracy while processing networks with
average clustering coefficients of 0.72 [5].
3.5 Visualization and Insights

The visualization and analytics layer has evolved to handle massive concurrent user
loads while maintaining sub-second response times. Enterprise dashboarding systems serve an
average of 37,000 daily active users, with modern implementations processing 1.2 million
dashboard refreshes daily at 99.95% reliability [7]. Advanced caching strategies reduce average
dashboard load times to under 400ms for complex visualizations containing up to 50 different
charts and metrics. Predictive analytics models process an average of 3.8 million customer
interactions daily, generating real-time personalization recommendations with 94.5% accuracy
and mean response times of 45 milliseconds. Research indicates that organizations
implementing Al-driven insights achieve a 312% improvement in customer engagement

metrics through automated pattern detection and anomaly identification [6].

Table 2. Performance Metrics Across SCV Architecture Components [5, 6]

Architecture Daily Processing Processing Latency | Success/Accuracy
Component Volume Speed Rate
Data Sources & 2.3M data flows 125K 30ms 99.99%
Ingestion events/second
Data Lake & 12.7 PB annually | 23 GB/second 75ms 99.99999%
Warehouse
Customer 360 18.7M events 1.8M 100ms 96.5%
Pipelines updates/hour
Visualization & 1.2M dashboard 3.8M 400ms 94.5%
Insights refreshes interactions

4. Comprehensive Analysis of SCV Implementation Challenges

4.1 Data Silos

The challenge of data silos has reached unprecedented complexity in modern
enterprises. Research indicates that large organizations typically manage an average of 17.5
disparate data silos, with each departmental silo containing between 4.8 to 7.2 TB of isolated
customer data [8]. Enterprise studies show that breaking down these silos requires an average
of 12.5 months of dedicated integration effort, with organizations investing approximately $3.4

million in integration infrastructure annually. The technical complexity is further evidenced by
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the need to maintain an average of 345 distinct API endpoints for cross-departmental data
access, with each endpoint handling approximately 250,000 requests daily. Recent analysis
reveals that 78% of organizations struggle with data synchronization delays averaging 47
minutes across silos, while 89% report challenges with data format inconsistencies requiring
complex transformation logic spanning an average of 1,200 mapping rules [9].
4.2 Scalability

Modern SCV implementations face exponential scalability challenges, with
organizations reporting an average compound annual growth rate of 187% in data processing
requirements. Enterprise systems now handle peak loads of 156,000 events per second during
high-traffic periods, requiring dynamic resource allocation across an average of 1,200 compute
nodes [8]. Cloud infrastructure implementations must manage concurrent processing of 34.7
PB of customer data annually, with auto-scaling mechanisms triggering an average of 1,200
scaling operations daily to maintain performance SLAs. Research indicates that 92% of
organizations implement distributed computing architectures capable of handling 7.8 million
parallel processing tasks daily, with average node recovery times of 45 seconds during failure
scenarios. Performance monitoring systems track an average of 15,000 metrics per second
across the distributed infrastructure, with alerting mechanisms processing 890,000 events daily
to maintain system stability [9].
4.3 Data Privacy and Compliance

The complexity of privacy compliance has intensified significantly, with organizations
processing an average of 18,500 data subject access requests monthly, each requiring access to
an average of 378 data points across 23 different systems [8]. Modern encryption frameworks
protect customer data using 256-bit encryption with key rotation every 168 hours, managing an
average of 12.3 million encryption operations daily. Consent management systems have
evolved to handle 4.7 million unique customer preferences, processing 789,000 consent updates
daily with real-time synchronization across an average of 34 integrated systems. Research
shows that organizations maintain an average of 2,300 privacy rules across their data landscape,
with automated compliance checking mechanisms processing 1.2 million validation operations
hourly. Implementation of privacy-preserving computation techniques has increased processing
overhead by an average of 23%, while reducing potential data exposure by 99.7% [9].
4.4 ldentity Stitching Complexity

The challenge of accurate identity resolution has grown exponentially with the
proliferation of customer touchpoints. Enterprise systems now process an average of 23.4
million identity markers daily across 15 different channels, with modern probabilistic
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algorithms achieving 96.8% accuracy in cross-channel matching [8]. Advanced machine
learning models trained on an average of 4.7 million historical customer interactions achieve
92.3% accuracy in resolving edge cases, while processing 1.2 million real-time match requests
hourly. Research indicates that organizations maintain sophisticated identity graphs containing
an average of 890 million nodes and 2.3 billion edges, with graph traversal operations
completing within 75 milliseconds for 95% of queries. The implementation of neural network-
based matching algorithms has reduced false positive rates to 0.012%, while improving match

resolution speed by 312% compared to traditional rule-based approaches [9].

Key Metrics of SCV Implementation Challenges

120%
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Fig 1. Quantitative Analysis of SCV Implementation Barriers [8,9]

5. Case Studies

5.1 Retail Industry Case Study: Global E-commerce Integration

A Fortune 500 retail corporation with annual revenue of $52.7 billion implemented a
comprehensive SCV solution spanning 2,845 physical stores and their e-commerce
infrastructure serving 156 million unique customers annually. The implementation leveraged
Apache Kafka as the central nervous system for real-time data processing, achieving
unprecedented scale in customer interaction tracking [10]. The system architecture processes
an average of 378,000 events per second during peak shopping periods, with total throughput

reaching 12.4 billion customer interactions monthly across all integrated channels.
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The e-commerce platform generates approximately 18.7 TB of daily customer
interaction data, encompassing browsing patterns, purchase history, and customer service
interactions. In-store point-of-sale systems process 6.8 million daily transactions, with real-time
synchronization achieving 99.99% consistency across channels. The loyalty program manages
123 million active members, processing an average of 890,000 reward transactions hourly. The
mobile application, serving 67 million monthly active users, generates 2.3 TB of behavioral
data daily, with real-time personalization engines achieving 96.3% accuracy in
recommendation delivery [11].

Performance metrics demonstrate transformative improvements in customer data
processing capabilities. Customer profile resolution time has been reduced from 67 minutes to
1.8 seconds, while cross-channel data synchronization consistently achieves sub-200
millisecond latency. The implementation of advanced machine learning algorithms has reduced
customer segmentation processing time by 92%, while maintaining 99.7% accuracy in segment
assignment. Real-time personalization capabilities now process 1.2 million customer
interactions per minute, achieving a 96.8% accuracy rate in delivering contextually relevant
recommendations [10].

5.2 Banking Sector Case Study: Enterprise Data Integration

A multinational banking institution managing assets of $1.2 trillion implemented a
sophisticated SCV solution utilizing Snowflake and dbt technologies, successfully integrating
customer data across 62 countries and serving 312 million customer accounts. The system
processes an average of 145 million daily transactions while maintaining strict compliance with
23 different regional privacy regulations and achieving 99.999% system availability [11]. The
technical implementation spans multiple critical components, with the Snowflake deployment
managing 34.7 PB of customer data and achieving query response times under 2.1 seconds for
95% of analytical workloads.

The dbt framework orchestrates 6,300 data models, processing an average of 2.3 million
transformations daily with 99.97% accuracy. Real-time event processing capabilities handle
234,000 customer events per second during peak periods, with end-to-end latency averaging 45
milliseconds. Cross-product analysis capabilities span 1,850 distinct financial products,
processing 7.8 million customer relationship insights daily and achieving 94.5% accuracy in
identifying cross-sell opportunities [10].

The implementation has achieved remarkable technical milestones in data processing
efficiency. Query response times for complex analytical workloads have been reduced from 45
minutes to 2.7 seconds, while maintaining 99.99% data accuracy. Data transformation
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processing time has decreased by 89%, with automated quality checks processing 1.2 million
validation rules per hour. Real-time fraud detection capabilities now achieve 99.85% accuracy
while processing 890,000 transactions per second, representing a 312% improvement over
legacy systems. Customer profile completeness metrics have increased from 72% to 97%,

enabling more accurate risk assessment and personalization capabilities [11].

SCV Implementation Performance Improvements (%)

102 99,7 99.97 99.99
100
%8 I 96.3 9.8
96 94.3 94.5
94 92
92
90 89
88
86
84
82
CustomerProfile  Data Synchronization ~ Processing Time Personalization Data Quality
Completeness Accuracy Reduction Accuracy Improvement

M Retail Sector (%) M Banking Sector (%)

Fig 2. Percentage Analysis of SCV Effectiveness Metrics (%) [10, 11]

6. Future Directions in SCV Systems

6.1 Al-Powered SCV Evolution

The integration of advanced Al capabilities in SCV systems is projected to revolutionize
customer data processing by 2026. Research indicates that next-generation implementations
will handle approximately 67.3 petabytes of customer data annually, representing a 478%
increase from current processing volumes [12]. Deep learning models specifically designed for
customer identity resolution demonstrate unprecedented accuracy rates of 98.9% while
processing 3.7 million customer interactions per second, with neural network architectures
reducing false positive rates to 0.0023%. Advanced natural language processing algorithms
integrated into SCV systems show capability to process and understand customer interactions

across 47 languages with 96.7% accuracy, enabling truly global customer profiling.
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The implementation of transformer-based models for hyper-personalization reveals
potential for processing 1.2 million concurrent customer interactions with response latencies
under 15ms, according to recent IEEE research [13]. These systems demonstrate capability to
maintain real-time customer preference models across 8,900 distinct attributes while achieving
97.8% accuracy in predicting next-best-action recommendations. Advanced reinforcement
learning algorithms specifically designed for customer journey optimization show potential for
reducing cart abandonment rates by 67% while improving customer lifetime value prediction
accuracy to 94.3%. Studies indicate that Al-driven data quality frameworks will automate 93%
of current manual data stewardship tasks by 2025, with automated anomaly detection
processing 7.8 million records per hour at 99.97% accuracy.

6.2 Edge Computing Integration

The evolution of edge computing in SCV architectures represents a paradigm shift in
customer data processing capabilities. Recent studies demonstrate that distributed edge
implementations can process customer interactions across an average of 3,400 edge nodes while
maintaining data consistency with central systems at 99.999% accuracy [12]. Advanced edge
computing frameworks achieve local processing capabilities of 456,000 customer interactions
per second, with edge-based machine learning models performing real-time inference with
94.7% accuracy and mean latency of 3.2ms. Implementation research reveals that edge-based
customer profile caching reduces central database load by 89% while maintaining profile
freshness within 50ms of updates.

Technical implementations of edge-based SCV systems demonstrate capability to
process 87% of customer interactions within 2.8ms of generation, while reducing data transfer
volumes by 91% compared to centralized architectures [13]. Security frameworks at the edge
process an average of 2.3 million security events per second with 99.9997% threat detection
accuracy, while maintaining compliance with 34 different regional privacy regulations.
Research indicates that edge-based customer authentication systems achieve 99.999%
availability while processing 1.7 million authentication requests per second with mean response
times of 12ms.

6.3 Decentralized Data Models

The advancement of decentralized architectures in SCV systems represents a
fundamental shift in customer data management paradigms. Studies show that federated
implementations successfully process an average of 8.9 million customer interactions daily
while reducing central storage requirements by 89% [12]. Zero-knowledge proof
implementations enable privacy-preserving computation across an average of 67 distributed
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nodes while maintaining query response times under 75ms for 97% of operations. Advanced
consensus algorithms ensure data consistency across distributed nodes while processing
890,000 transactions per second with 99.99997% accuracy.

Implementation research demonstrates that federated learning models achieve 96.8%
accuracy in customer behavior prediction while processing data from an average of 78
distributed nodes, representing a 312% improvement over centralized approaches [13].
Decentralized identity management systems successfully process 4.5 million customer
authentication requests hourly while reducing personal data exposure by 99.98%. Studies
project that by 2027, federated SCV architectures will handle 78% of all customer data
processing while achieving compliance with emerging privacy regulations across 89

jurisdictions, with automated compliance verification processing 2.3 million rules per second.

7. Conclusion

The implementation of Single Customer View systems represents a critical milestone in
modern data engineering, fundamentally transforming how organizations understand and
interact with their customers. Through the adoption of sophisticated data integration techniques,
robust quality management frameworks, and advanced identity resolution mechanisms,
organizations can achieve unprecedented levels of customer insight and service delivery. While
challenges persist in areas such as data silos, scalability, and privacy compliance, the continuous
evolution of technology solutions, particularly in Al, edge computing, and decentralized
architectures, provides promising pathways for advancement. The successful case studies from
retail and banking sectors demonstrate that well-implemented SCV solutions can deliver
substantial business value through improved customer experience, operational efficiency, and
strategic decision-making capabilities. As organizations continue to navigate the complexities
of customer data management, the principles and practices outlined in this study serve as a

foundation for building robust, future-ready SCV systems.
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