International Journal of Customer Relationship Management (IJCRM)

Volume 3, Issue 1, January-December 2024, pp. 12-21. Article ID: IJCRM_03_01_002
Available online at https://iaeme.com/Home/issue/lJICRM?Volume=3&Issue=1

Journal ID: 1168-1284

SCOPE
DATABASE -
INDEXED G OPEN ACCESS

© IAEME Publication

AN ONTOLOGY-BASED DATA
HARMONIZATION FRAMEWORK FOR CROSS-
CLOUD CRM SYSTEM INTEGRATION

Richard Martin
USA.

ABSTRACT

The rapid adoption of heterogeneous cloud-based CRM (Customer Relationship
Management) systems poses challenges for data interoperability, semantic consistency,
and service integration. This study proposes an ontology-based data harmonization
framework designed to enable seamless integration across different CRM platforms
deployed on multiple clouds. The framework leverages semantic mapping, shared
domain ontologies, and API harmonization to achieve cross-platform consistency. The
proposed solution facilitates data translation, model unification, and dynamic API

alignment, enhancing agility and interoperability in enterprise IT ecosystems.
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1. Introduction

1.1. Background

In today’s business landscape, organizations frequently adopt cloud-based CRM
systems to manage customer data, sales automation, and service workflows. However, these
systems—often developed by different vendors—reside in disparate cloud environments and
use heterogeneous data models. This leads to significant challenges in data integration,

including semantic mismatches, structural heterogeneity, and lack of interoperability.
1.2. The Problem

Cross-cloud CRM integration lacks standardization, which leads to duplication,
inconsistency, and poor data governance. Traditional ETL (Extract, Transform, Load) methods
fail to accommaodate real-time semantic interoperability. Thus, there is a need for a framework
that can harmonize data by understanding the semantics of underlying business entities and
operations.

1.3. Objective

This paper introduces an ontology-based harmonization framework that enables
standardized, semantically-aware data exchange across diverse CRM platforms deployed in

multi-cloud environments.

2. Literature Review

The integration of heterogeneous cloud-based systems, particularly CRM platforms, has
prompted significant research into ontology-based data harmonization. Below is a thematic
synthesis of key prior works leading up to this domain.

2.1. Ontology-Based Interoperability in Cloud Environments

Ontology-based frameworks are recognized as essential for achieving semantic
interoperability in distributed systems. Androcec (2015) proposed a comprehensive API
harmonization framework to support semantic data mediation in cloud environments. His work
emphasized the use of unified platform APIs enriched with ontology annotations to ensure

consistent access to disparate systems.

Fahmideh Gholami (2017) developed a methodological approach for cloud migration,

employing model-driven engineering and ontologies to ensure system-agnostic transitions. This
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approach facilitated data abstraction and helped align business semantics during system

migration.

Ritter (2019) contributed to integration literature through formal modeling of
application integration patterns. His work incorporated semantic composition of integration
solutions using domain ontologies, thereby addressing dynamic integration issues across

enterprise services.
2.2. Ontology Matching and Schema Integration Techniques

Ontology matching is a core enabler for data harmonization. Euzenat and Shvaiko
(2013) provide an extensive survey of ontology matching techniques, which are critical for
mapping heterogeneous CRM schemas. Their taxonomy outlines strategies such as syntactic,

semantic, and instance-based matchers.

Wache et al. (2001) offered foundational work by surveying ontology-based data
integration approaches. They emphasized the importance of global domain ontologies to unify

structurally different sources.

D’Amato et al. (2012) used instance-based learning to enhance ontology alignment,

which is particularly useful in CRM systems that rely on real-time customer data instances.
2.3. Semantic Middleware and Linked Data

Dietze et al. (2011) introduced a semantic middleware architecture to facilitate Linked
Data integration. Although focused on educational metadata, their work is relevant to CRM
platforms where semantic interoperability plays a similar role in connecting customer records

and service modules.

Zhao et al. (2020) tailored ontology mapping for ERP and CRM system integration.
Their model incorporated a semantic mediation layer that aligns business processes across
enterprise platforms.

2.4. Supporting Tools and Concepts in Ontological Integration
Maedche and Staab (2002) proposed metrics for measuring similarity between
ontologies, which aid in automating schema alignment. Berners-Lee et al. (2001) introduced

the broader Semantic Web vision, laying the groundwork for semantic interoperability across

the web, including cloud services.

Rahm and Bernstein (2001) provided a seminal survey on schema matching,
highlighting its role in both structured (relational) and semi-structured (XML, RDF) data

integration. Their work is foundational for automating parts of the harmonization process.
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Sheth and Ramakrishnan (2005) explored ontology-driven search and integration
systems, reinforcing the idea that semantic awareness leads to more intelligent service

interoperability.

3. Proposed Framework

The proposed Ontology-Based Data Harmonization Framework consists of three

core modules:
3.1. Ontology Repository

A centralized domain ontology maps core CRM concepts such as Customer,
Interaction, Lead, and Opportunity. Each concept is defined using OWL and reused across

platforms.
3.2. Semantic Mapping Engine

This engine dynamically maps local data schemas from each CRM system to the global
ontology. It uses techniques such as:

e Lexical similarity

« Instance-based matching

e Rule-based transformations
3.3. Harmonized APl Gateway

Acts as a wrapper around native APIs, translating incoming/outgoing calls into
ontology-compliant formats. This module also supports API choreography and mashups for

inter-cloud workflows.
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Figure 1: Ontology-Driven Cross-Cloud Harmonization Architecture

4. Experimental Scenario

To evaluate the feasibility and effectiveness of the proposed Ontology-Based Data
Harmonization Framework, we designed a real-world-inspired experimental scenario that
simulates cross-cloud integration of CRM systems. The goal was to validate the semantic
alignment, mapping accuracy, and interoperability across distinct CRM platforms operating on

separate cloud infrastructures.
4.1. Objective

The primary objective of this experiment was to assess whether heterogeneous CRM
systems—each with unique schemas and APIs—could be semantically harmonized using the

proposed ontology-driven approach. The focus was on ensuring:
e Semantic consistency across CRM records
o API-level interoperability without rewriting logic for each CRM
e High accuracy in mapping local schemas to the global ontology
4.2. Setup
The experiment involved the integration of three widely used cloud CRM platforms:
o Salesforce (Cloud A)
e Zoho CRM (Cloud B)
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Microsoft Dynamics 365 (Cloud C)

Each CRM system was deployed in a virtualized cloud environment to simulate

platform independence. A shared CRM Ontology was designed covering common entities like:

crm:Customer

crm:Lead

crm:Interaction

crm:Account

crm:Contact

A Semantic Mapping Engine was implemented to automate schema mapping using:
Label similarity (Levenshtein distance)

Attribute-based alignment

Instance-based learning

The Harmonized APl Gateway handled translation of RESTful API calls between

local CRM services and the global ontology-driven interface.

4.3. Schema Mapping Results

The framework successfully identified and aligned equivalent concepts across

platforms. For instance:

LeadOwner in Salesforce — crm:Lead.AssignedTo
ContactInfo in Zoho — crm:Customer.Contact
CustType in Dynamics — crm:Customer.Type

These mappings were validated by subject matter experts and semi-automated

evaluation metrics.

Table 1 summarizes the mapping accuracy:

CRM System Local TermMapped Ontology TermMapping Accuracy
Salesforce LeadOwner [crm:Lead.AssignedTo  [95.4%
Zoho CRM ContactInfo |crm:Customer.Contact  (93.2%
Microsoft Dynamics|CustType |crm:Customer.Type 91.7%

4.4. Observations

The framework demonstrated high adaptability to diverse schema structures.
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Ontology-driven mapping minimized the need for hard-coded transformation rules.

Harmonized APIs reduced integration complexity and enabled dynamic request routing

across clouds.

Minimal latency (avg. +150ms overhead) was introduced by the APl mediation layer.

4.5. Limitations

Performance may degrade with extremely large ontologies unless indexing techniques

are used.

Custom CRM modules (non-standard fields) still require some human-in-the-loop

adjustments.

Real-time synchronization was not deeply tested in this iteration.

5. Conclusion

Cross-cloud CRM system integration demands more than just syntactic transformation.

The proposed ontology-based harmonization framework leverages semantic technologies to

bridge the gap between diverse CRM platforms. This approach not only improves data

interoperability but also enables flexible API coordination across clouds. Future research will

explore automatic ontology evolution and machine learning-assisted mapping.
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