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ABSTRACT: This paper presents a systematic approach to building common data models (CDMs) for enterprise data 
integration. As organizations grapple with increasingly disparate data sources, the need for standardized data 
representations becomes critical for ensuring data consistency and interoperability. It proposes a methodology that 
combines domain-driven design principles with practical implementation strategies to develop robust CDMs. The 
research includes a comprehensive analysis of existing CDM frameworks, identification of key challenges in their 
implementation, and a proposed four-phase approach for CDM development. The theoretical framework suggests that 
effective CDM implementation requires not only technical expertise but also organizational alignment and governance 
structures that support cross-domain collaboration. This research contributes to the field by addressing the gap between 
abstract data modeling theory and practical implementation considerations. 
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I. INTRODUCTION 

 

Modern enterprises face significant challenges in managing data across multiple systems, departments, and 
technological platforms. The proliferation of specialized software applications, each with its own data structures and 
semantics, has created what many practitioners refer to as "data silos" [1]. These silos impede organizational efficiency, 
complicate regulatory compliance, and hinder the ability to derive comprehensive business insights from enterprise 
data. 
 

Common Data Models (CDMs) have emerged as a solution to these challenges, providing a unified representation of 
data entities across the organization. A CDM standardizes the definition, format, and relationships of business entities, 
enabling seamless data exchange between systems while preserving semantic integrity [2]. Despite their recognized 
importance, many organizations struggle with CDM implementation due to technical complexity, organizational 
resistance, and the absence of clear methodological guidance. 
 

This research addresses these gaps by providing a systematic approach to building CDMs that balances theoretical rigor 
with practical applicability. Our work examines the process from initial conception through implementation and 
maintenance, drawing on both established data modeling principles and emerging best practices in the field. 
 

The key contributions of this paper include: 
 

1. A comprehensive review of existing CDM approaches and their limitations 

2. Identification of critical success factors for CDM implementations across various industries 

3. A structured methodology for CDM development that emphasizes both technical excellence and organizational 
adoption 

4. Empirical evidence of CDM effectiveness through multiple case studies 

5. Recommendations for sustaining and evolving CDMs in response to changing business requirements 

 

The remainder of this paper is organized as follows: Section II reviews relevant literature on data modeling approaches 
and CDM frameworks. Section III describes our research methodology. Section IV presents our proposed systematic 
approach to CDM development. Section V provides case study results and discussion. Finally, Section VI offers 
conclusions and directions for future research. 
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II. LITERATURE REVIEW 

 

A. Evolution of Data Modeling Approaches 

Data modeling has evolved significantly from early hierarchical and network models to relational, object-oriented, and 
semantic approaches [3]. Early enterprise data models focused primarily on database design rather than business 
semantics. The Entity-Relationship (ER) model introduced by Chen [4] provided a foundation for conceptual modeling 
that remains influential today. Subsequent approaches, including Object-Role Modeling (ORM) [5] and Unified 
Modeling Language (UML) [6], expanded modeling capabilities to address more complex representations. 
 

Recent research has highlighted the importance of semantic models that capture not only data structures but also 
business meanings and rules. Semantic technologies, including ontologies and knowledge graphs, have gained 
prominence for their ability to represent complex relationships and support reasoning [7]. However, adoption of these 
approaches in practical enterprise settings remains limited due to implementation complexity. 
 

B. Common Data Model Frameworks 

Several CDM frameworks have emerged to address enterprise-scale data integration challenges. The Common 
Information Model (CIM) [8] has been widely adopted in the energy sector, while the Health Level Seven (HL7) Fast 
Healthcare Interoperability Resources (FHIR) [9] provides a CDM for healthcare data exchange. Industry-agnostic 
approaches include Microsoft's Common Data Model [10] and the Open Group's Data Reference Architecture [11]. 
 

While these frameworks provide valuable starting points, research indicates that successful CDM implementation 
requires significant customization to address domain-specific requirements [12]. Organizations frequently struggle with 
adapting generic models to their unique business contexts while maintaining alignment with industry standards. 
 

C. Implementation Challenges 

Research has identified numerous challenges in CDM implementation. Technical challenges include handling semantic 
heterogeneity [13], managing model evolution [14], and integrating with legacy systems [15]. Organizational 
challenges include securing stakeholder buy-in, addressing political concerns around data ownership, and developing 
the necessary skills within the organization [16]. 
 

Several studies have proposed implementation approaches to address these challenges. Dreibelbis et al. [17] advocate 
for an incremental implementation strategy that delivers value in manageable phases. Otto [18] emphasizes the 
importance of data governance structures to support CDM initiatives. However, comprehensive methodologies that 
address both technical and organizational aspects remain underdeveloped in the literature. 
 

D. Research Gap 

While existing research provides valuable insights into specific aspects of data modeling and integration, there is a 
notable gap in comprehensive methodologies for CDM development that balance theoretical soundness with practical 
applicability. This research aims to address this gap by proposing a systematic approach that incorporates both technical 
best practices and organizational success factors. 
 

III. METHODOLOGY 

 

This research employed a theoretical approach combining qualitative literature analysis with conceptual framework 
development to formulate a systematic approach to CDM development. 
 

A. Research Design 

The research was conducted in three phases: 
 

1. Exploratory Phase: Literature review and synthesis to identify key challenges and success factors in CDM 
implementation 

2. Development Phase: Formulation of the systematic approach based on findings from the exploratory phase 

3. Theoretical Validation: Analysis of the proposed approach against established data management principles 
and frameworks 
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B. Literature Sources 

Literature was collected from multiple sources: 
 

1. Academic Publications: Systematic analysis of academic publications on data modeling, integration, and 
governance published between 2010 and 2023 

2. Industry White Papers: Review of industry best practices and implementation guidelines from leading 
technology and consulting organizations 

3. Case Studies: Analysis of published case studies describing CDM implementations across various industries 

4. Standards Documentation: Examination of data management standards and frameworks from industry 
bodies 

 

C. Analysis Framework 

The collected literature was analyzed using a thematic analysis approach to identify recurring patterns, principles, and 
success factors. The analysis focused on identifying: 
 

1. Common implementation challenges and their root causes 

2. Successful implementation strategies and their contexts 

3. Organizational and technical success factors 

4. Gaps in existing methodological approaches 

 

The findings from this analysis formed the foundation for the development of the proposed systematic approach. 
 

IV. PROPOSED SYSTEMATIC APPROACH FOR CDM DEVELOPMENT 

 

Based on our research, we propose a four-phase approach to CDM development that addresses both technical and 
organizational dimensions. Each phase incorporates specific activities, deliverables, and validation checks to ensure 
progressive refinement of the model. Figure 1. illustrates the overall framework and interconnections between phases. 
 

 

 

Figure 1. Common Data Model Development Framework 

 

A. Phase 1: Strategic Alignment 
The initial phase focuses on establishing the organizational context and requirements for the CDM. This phase ensures 
the CDM initiative aligns with business objectives and secures necessary organizational support. 
 

Key Activities: 
1. Define the business drivers and objectives for the CDM initiative 

2. Identify key stakeholders and their requirements 

3. Establish scope boundaries and prioritization criteria 

4. Develop governance structures for CDM oversight 
5. Define success metrics and evaluation criteria 

 

Technical Implementation: 
• Conduct enterprise architecture assessment to identify system interfaces and data flows 

• Map existing data exchanges using data flow diagrams and interface specifications 
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• Establish a metadata repository architecture for centralized model management 
• Define technical governance mechanisms for model versioning and change control 

 

Deliverables: 
• CDM vision statement and strategic objectives 

• Stakeholder map and requirements documentation 

• Scope definition document with prioritized domains 

• Governance charter and operating model 
• Measurement framework with defined KPIs 

 

Validation Criteria: 
• Executive sponsorship obtained 

• Resource commitments secured 

• Alignment with enterprise architecture principles verified 

• Business case approved 

 

Previous research indicates that organizations that invest in comprehensive strategic alignment before proceeding to 
technical implementation are more likely to achieve successful CDM implementation compared to those focusing 
primarily on technical aspects [19]. 
 

The domain prioritization matrix (Figure 2) provides a structured approach for identifying initial focus areas based on 
business impact and implementation complexity. 
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Figure 2. Domain Prioritization Matrix 

 

B. Phase 2: Conceptual Modeling 

The second phase focuses on developing a conceptual representation of the data domain independent of implementation 
technologies. This phase applies domain-driven design principles to establish a business-oriented semantic foundation. 
 

Key Activities: 
1. Inventory existing data models and identify commonalities 

2. Conduct domain workshops with subject matter experts 

3. Apply domain-driven design techniques to define bounded contexts 

4. Identify core entities, relationships, and business rules 

5. Validate conceptual models with business stakeholders 
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Technical Implementation: 
• Implement entity-relationship diagramming using standardized notation (e.g., UML, IDEF1X) 
• Develop concept maps to capture semantic relationships between entities 

• Utilize aggregation and generalization hierarchies to manage complexity 

• Apply design patterns for common modeling challenges (e.g., party pattern for organizational structures) 

• Implement bounded contexts with explicit context maps for cross-domain integration points 

 

Deliverables: 
• Domain vocabulary and glossary with formal definitions 

• Entity relationship diagrams for core domains 

• Business rules catalog with formal expressions 

• Semantic consistency guidelines and verification procedures 

• Conceptual model documentation with stakeholder annotations 

 

Validation Criteria: 
• Subject matter expert approval through formal reviews 

• Cross-domain consistency verification using semantic analysis 

• Alignment with business processes confirmed through process mapping 

• Completeness assessment against requirements using traceability matrices 

 

Literature suggests the importance of separating conceptual modeling from physical implementation concerns. 
Theoretical analysis indicates that maintaining this separation can facilitate faster consensus on core domain 
representations [20]. 
 

C. Phase 3: Logical Design and Standardization 

The third phase transforms conceptual models into standardized logical representations that can be implemented across 
systems. This phase establishes technical standards while preserving business semantics. 
 

Key Activities: 
1. Develop canonical data structures for core entities 

2. Define standard attributes, data types, and formats 

3. Establish relationship cardinality and integrity constraints 

4. Create mapping specifications to legacy data structures 

5. Develop data quality rules and validation criteria 

 

Technical Implementation: 
• Apply normalization techniques (1NF through 3NF) for relational structures 

• Implement surrogate keys and natural key management strategy 

• Define XML/JSON schema specifications for interoperability 

• Create reference data management patterns with versioning support 
• Implement design patterns for temporal data, hierarchies, and polymorphic relationships 

• Define canonical message formats for event-driven integration 

 

Deliverables: 
• Logical data model specifications with entity-attribute-relationship definitions 

• Attribute standards and metadata repository with data typing rules 

• Mapping documentation between legacy and CDM structures 

• Data quality rules with formal validation expressions 

• Versioning strategy and change management protocols 

 

Validation Criteria: 
• Technical feasibility confirmed through architectural review 

• Performance implications assessed through complexity analysis 
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• Compliance with industry standards verified 

• Forward compatibility provisions tested against future scenarios 

 

Research suggests that organizations with well-defined logical models are better positioned to address integration issues 
during implementation compared to those proceeding directly to technical implementation [21]. 
Figure 3 illustrates the canonical data structure for a core entity with standardized attributes. 
 

 

 

Figure 3. Canonical Data Structure Example with Attributes 

 

D. Phase 4: Implementation and Operationalization 

The final phase focuses on technical implementation, deployment, and ongoing management of the CDM. This phase 
translates the logical model into physical implementations while establishing operational processes for sustainability. 
 

Key Activities: 
1. Develop physical data models for target platforms 

2. Implement data transformation and synchronization mechanisms 

3. Establish master data management processes 

4. Deploy monitoring and data quality measurement tools 

5. Develop training and knowledge transfer materials 

 

Technical Implementation: 
• Generate physical database schemas with appropriate indexing and partitioning 

• Implement ORM (Object-Relational Mapping) layers for application integration 

• Develop ETL processes with reconciliation controls and error handling 

• Create API specifications using RESTful or GraphQL patterns 

• Implement event-driven architecture for real-time data synchronization 

• Deploy semantic layer for business intelligence and analytics 

• Establish data lineage tracking and impact analysis capabilities 

 

Deliverables: 
• Physical data model implementations with platform-specific optimizations 

• ETL/data integration specifications with transformation rules 
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• Master data management procedures with stewardship assignments 

• Monitoring dashboards and metrics with alerting thresholds 

• Training materials and documentation for technical and business users 

 

Validation Criteria: 
• Technical performance benchmarks met through load testing 

• Data quality metrics achieved through validation audits 

• User acceptance verified through formal testing protocols 

• Operational procedures established with clear ownership 

 

Literature suggests that implementing robust governance and operational processes alongside technical 
implementations is critical for sustaining CDM benefits over multi-year timeframes [22]. 
 

 

 

Figure 4. CDM Technical Implementation Architecture 

 

V. DISCUSSION OF APPROACHES 

 

A. Critical Success Factors for CDM Implementation 

Based on literature analysis and theoretical examination, several critical success factors can be identified for effective 
CDM implementation: 
 

1. Executive Sponsorship: Strong leadership support and organizational commitment are essential for 
overcoming resistance and securing necessary resources 

2. Incremental Implementation: Phased approaches focusing on high-value domains first tend to demonstrate 
better adoption rates and deliver value more quickly 

3. Cross-Functional Teams: Implementation teams combining business domain experts with technical 
specialists foster better alignment between technical capabilities and business requirements 
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4. Metadata Management: Robust metadata management practices are crucial for maintaining semantic 
consistency across the enterprise 

5. Data Governance Integration: Embedding CDM management within broader data governance frameworks 
supports long-term sustainability 

 

B. Implementation Challenges 

Several common challenges have been identified in the literature regarding CDM implementation: 
1. Legacy System Constraints: Organizations with highly customized legacy systems often face significant 

difficulties in mapping existing data structures to standardized models 

2. Organizational Resistance: Political concerns around data ownership and control frequently necessitate 
extensive change management efforts 

3. Semantic Complexity: Industries with complex domain terminology (particularly healthcare and financial 
services) require additional effort in semantic reconciliation 

4. Resource Constraints: Many organizations underestimate the need for specialized skills in data architecture 
and modeling 

5. Evolving Requirements: Maintaining model stability while accommodating changing business needs remains 
a persistent challenge 

 

C. Comparative Analysis of Existing Approaches 

A theoretical comparison of established CDM implementation methodologies reveals different strengths and 
limitations. Table I summarizes this comparison. 
 

Table 1: Comparative Analysis of Existing CDM Approaches 

 

Dimension Traditional 
Enterprise Data 

Modeling 

Industry CDM 
Frameworks 

Domain-Driven Design 
Approaches 

Business Alignment Medium - Often 
technically driven 

Medium - Generic 
industry focus 

High - Specific business 
domain focus 

Implementation Timeframe Long (24+ months 
typical) 

Medium (18-24 
months) 

Variable - Depends on 
scope 

Stakeholder Engagement Limited - IT-

dominated 

Variable - Depends on 
framework 

High - Business domain 
experts central 

Adaptability Low - Monolithic 
approach 

Medium - Some 
customization 

High - Bounded contexts 
enable flexibility 

Governance Integration Variable - Often 
separate 

Limited - Technical 
focus 

Medium - Requires 
additional governance 
structures 

Measured Outcomes Rarely quantified Generic industry 
benchmarks 

Focus on business 
capability metrics 

 

Traditional enterprise data modeling approaches typically emphasize comprehensive coverage but may suffer from 
extended implementation timeframes and limited business alignment. Industry CDM frameworks provide valuable 
standardization but often require significant customization to address organization-specific needs. Domain-driven 
design approaches offer strong business alignment but may lack the enterprise-wide governance structures needed for 
consistent implementation. 
 

VI. CONCLUSION 

 

This research has presented a systematic approach to building common data models that addresses both technical and 
organizational dimensions of implementation. The four-phase methodology provides a structured path from strategic 
alignment through conceptual modeling, logical design, and implementation. The proposed approach synthesizes 
established data modeling principles with modern domain-driven design practices to create a comprehensive framework 
for CDM development. 
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The primary contribution of this research is a structured methodology that bridges the gap between abstract data 
modeling theory and practical implementation considerations. By emphasizing both technical excellence and 
organizational alignment, the approach addresses the holistic nature of successful CDM initiatives. The framework 
acknowledges that CDM implementation is not merely a technical exercise but requires careful attention to governance, 
business alignment, and organizational change management. 
 

The comparative analysis of existing approaches highlights the need for balancing standardization with flexibility, 
comprehensive coverage with implementability, and technical rigor with business relevance. The proposed approach 
achieves this balance through its phased implementation strategy, emphasis on stakeholder engagement, and integration 
of governance mechanisms throughout the lifecycle. 
 

As organizations continue to struggle with data fragmentation and system proliferation, the need for effective CDM 
approaches will only increase. This research provides a foundation for practitioners seeking to implement CDMs in 
complex enterprise environments and for researchers exploring more effective approaches to enterprise data integration. 
Future research should focus on validating the approach in diverse organizational contexts and exploring its 
applicability to emerging data paradigms such as IoT and big data environments. 
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