1OSR Journal of Computer Engineering (IOSR-JCE)
e-ISSN: 2278-0661, p-ISSN: 2278-8727, Volume 28, Issue 1, Ser. 2 (Jan. — Feb. 2026), PP 52-56
www.iosrjournals.org

A Unified Framework For Al Context Interoperability

Dwijen Kirtania, Poulomi Das
Intuit Inc, Molina Health Care, USA

Abstract:

Background: Context sharing between artificial intelligence (AI) models is a critical requirement for
developing adaptive and collaborative systems. Traditional methods, such as knowledge graphs and
middleware, often struggle with scalability and real-time adaptability in heterogeneous environments. The
Model Context Protocol (MCP) has emerged as a standardization layer to maximize context interoperability
and improve multi-model interactions. This paper evaluates the application of MCP in standardizing context
sharing to address current gaps in Al interoperability and facilitate dynamic, multi-agent environments.
Materials and Methods: This qualitative research utilized a case study design and comprehensive literature
review to evaluate MCP efficacy. Data was collected from 10 real-world case studies across diverse industries,
including autonomous systems, healthcare, and smart cities. Additionally, interviews were conducted with Al
developers and system architects to gather practical insights. The study employed thematic and comparative
analysis to assess the performance, scalability, and security of MCP-enabled systems against non-MCP systems
in real-time data processing and decision-making scenario.

Results: The analysis revealed that MCP implementation significantly improved task efficiency and
collaboration. In autonomous delivery fleets, the use of MCP for real-time context exchange reduced delivery
times by an average of 15% through optimized route planning. In healthcare networks, MCP facilitated faster
access to patient data across departments, reducing treatment delays by 25%. However, the study also
identified persistent challenges regarding data privacy and the scalability of the protocol in large-scale
distributed networks.

Conclusion: The Model Context Protocol serves as a powerful framework for standardizing context sharing,
offering superior interoperability compared to legacy methods. While MCP enhances decision-making and
efficiency in multi-agent systems, future development must prioritize robust security protocols and scalability
solutions to ensure widespread adoption
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I.  Introduction

The landscape of artificial intelligence (AI) has evolved significantly over the past decade, shifting
from isolated, monolithic systems to interconnected networks of models that work collaboratively across
diverse tasks. However, one of the primary challenges in the development of such systems is ensuring seamless
communication and context-sharing between heterogeneous Al models. Context sharing refers to the ability of
one Al model to transfer pertinent information or "context" to another, enabling it to perform tasks more
effectively without the need for redundant computations. As Al applications become more complex, context-
sharing between models is becoming indispensable, particularly in systems where real-time data processing and
adaptive decision-making are required. This has led to the development of various strategies and frameworks
aimed at improving context interoperability, among which the Model Context Protocol (MCP) stands out as a
promising solution.

In AI systems, particularly those deployed in complex, real-world environments, models must
continually adapt to dynamic situations and make decisions based on incoming data. The capacity for models to
share context—defined as information regarding the current state, environment, or history of previous
decisions—is essential for enabling more effective decision-making. Despite the clear advantages of context
sharing, traditional Al models have struggled with standardizing how context is represented, transmitted, and
interpreted. The Model Context Protocol (MCP) offers a potential solution to these challenges. MCP is designed
to provide a common framework that governs how context is defined, formatted, and exchanged between
models, promoting collaboration in multi-agent systems (MAS).
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II.  Literature Review —

The standardization of context sharing between AI models has been an area of growing interest in the
field of artificial intelligence. Knowledge-based systems are among the most common, where context is
represented using knowledge graphs or ontologies. However, the limitation of these approaches lies in their
inability to scale across diverse Al systems, especially in real-time applications where context needs to be
dynamic and flexible.

Another prevalent approach involves the use of middleware technologies. Middleware platforms such
as message brokers and data exchange protocols provide an intermediary layer for the exchange of context
between models. While effective in specific domains, middleware solutions often introduce latency due to the
overhead of managing communication between multiple systems.

The introduction of the Model Context Protocol (MCP) marks a significant shift in how context
sharing is standardized across Al systems. MCP addresses many of the shortcomings of previous approaches by
offering a unified framework that enables models to share context in a way that is agnostic to their underlying
architecture. Unlike knowledge graphs or middleware, MCP does not require models to understand each other's
internal workings; instead, it focuses on the transfer of relevant context in a standardized format that any model
can interpret.

Table no 1: Comparison of Context-Sharing Methodologies in Al Systems

Methodology Key Features Advantages Limitations Use Cases
Model Context Standardized Seamless communication Requires robust security Autonomous
context exchange across heterogeneous . systems, healthcare,
Protocol (MCP) protocols for data privacy 0.
framework models smart cities
Semantic
Knowledge representation of Good for structured Limited scalability, lacks NLP, knowledge-
Graphs entities and context sharing real-time adaptability based systems
relationships
. . Int lat 1 Enterpri
. Intermediary layer Standardizes data n rgduces atency, compiex nterprise
Middleware to implement in real-time applications,
for context transfer formats and protocols . .
systems industrial IoT

Caption: Framework for Context Sharing in Al Models Using MCP
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III.  Material And Methods

This qualitative comparative study was carried out to evaluate the feasibility, challenges, and future
implications of the Model Context Protocol (MCP) in various Al applications. A total of 30 relevant literature
sources and 10 real-world case studies were analyzed for this study.

Study Design: Qualitative case study design and theoretical analysis. Study Location: This study
analyzed distributed Al systems and literature from global sources, focusing on implementations in autonomous
systems, healthcare, and smart cities. Study Duration: The review covered literature and technical reports
published over the past five years. Sample size: 30 peer-reviewed articles and 10 real-world case studies.
Sample size calculation: The sample was selected based on relevance and impact. From an initial review of 50
articles, 30 were selected based on their alignment with research objectives regarding context-sharing
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methodologies. Additionally, 10 case studies were selected based on successful MCP or context-sharing
protocol implementation.

Subjects & selection method: The study population consisted of high-impact journal articles,
conference papers, and active Al system deployments. Sources included IEEE Transactions on Al and Journal
of Autonomous Systems. Interview subjects included Al developers, project managers, and system architects
selected based on their involvement in large-scale Al projects utilizing MCP.

Inclusion criteria:

» Peer-reviewed journal articles and conference papers published within the last five years.
* Studies focusing on context-sharing methodologies, Al interoperability, and MCP.

» Real-world case studies from autonomous vehicles, healthcare, and smart city sectors.

* Projects demonstrating active implementation of multi-agent systems (MAS).

Exclusion criteria:

» Non-peer-reviewed articles or informal blog posts.

* Studies focused on monolithic Al systems without context-sharing requirements.

* Outdated research pre-dating the emergence of modern context-sharing protocols.

* Case studies with insufficient data regarding system performance or interoperability.

Procedure methodology

Data collection was conducted through a two-pronged approach: literature review and case study
analysis. For the literature review, a systematic search was performed to gather insights on existing context-
sharing models (Knowledge Graphs, Middleware) versus MCP. For the case study analysis, data regarding
system performance, model interoperability, and security was collected from project documentation and public
reports. Additionally, semi-structured interviews were conducted with industry experts to gather practical
insights on challenges such as scalability and data privacy.

Statistical analysis

Data was analyzed using Thematic Analysis and Comparative Analysis. Thematic analysis was
employed to identify recurring patterns such as interoperability, scalability, and security across the literature and
interviews. Comparative analysis was used to ascertain the differences in outcomes between MCP
implementations and traditional methods across different industries. Key performance indicators (KPIs) such as
delivery time reduction and diagnostic accuracy were compared to evaluate efficacy.

IV.  Result

The results of this study indicate that the Model Context Protocol (MCP) significantly enhances the
interoperability and collaboration between Al models in various applications.

Improved Collaboration and Task Efficiency: In autonomous systems, particularly in autonomous
vehicles and drones, the implementation of MCP improved collaboration between models, resulting in more
efficient task completion. Models were able to share real-time context regarding environmental conditions,
obstacles, and performance metrics. This seamless exchange of context led to better decision-making, as
evidenced in the case study of a fleet of autonomous delivery vehicles that used MCP to optimize route
planning and reduce delivery times by an average of 15%.

Enhanced Integration Across Diverse Systems: In the healthcare sector, MCP enabled the integration
of diagnostic models, allowing them to share patient data, treatment outcomes, and diagnostic results across
departments. This integration resulted in more accurate diagnoses and faster decision-making. In a hospital
network that adopted MCP, the shared context improved the speed of emergency responses, reducing treatment
delays by 25%.

Table no 2: Real-World Case Study Results of MCP Implementation

Industry Case Study Description Key Outcomes Performance Improvement
Aut(;r;omo Fleet of delivery vehicles using MCP Improved route optimization, 15% reduction in delivery time,
. for context-sharing real-time context exchange enhanced safety
Vehicles
Healtheare Integration of diagnostic models in a Faster access to patient data 25% reduction in treatment delays,
hospital network across departments improved patient care
Smart Implementation of MCP in city-wide Dynamic context sharing for 10% reduction in traffic congestion,
Cities traffic management systems traffic control models better resource management
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Caption: Performance Improvement in Multi-Agent Systems with MCP Implementation
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V. Discussion

The findings from this study underscore the significant potential of the Model Context Protocol (MCP)
in standardizing context sharing across Al models, enhancing both collaboration and efficiency. By enabling
real-time, dynamic context exchange, MCP addresses some of the most pressing challenges in Al
interoperability, particularly in multi-agent systems (MAS).

However, while MCP provides a promising solution for context sharing, the study also reveals several
challenges. One of the most critical issues identified is the security and privacy of shared data. In industries
such as healthcare and finance, where the context shared between models can involve sensitive personal or
financial data, robust encryption and anonymization measures are paramount. Moreover, the scalability of MCP
remains a challenge in large-scale systems. As the number of models increases, ensuring that the protocol can
efficiently handle vast amounts of data in real-time will be essential.

VI.  Conclusion

This study has explored the role of the Model Context Protocol (MCP) in standardizing context sharing
between Al models, highlighting its potential to enhance collaboration and efficiency in multi-agent systems
(MAS). MCP offers a promising solution to the long-standing issue of interoperability between heterogeneous
Al models, enabling them to share context in a standardized format that facilitates better decision-making and
dynamic adaptation in real-time applications.

The case studies analyzed demonstrate the significant advantages of implementing MCP in various
industries. In autonomous systems, MCP improved the collaboration between models, resulting in more
efficient route optimization. Similarly, in healthcare, MCP enabled the integration of diagnostic and treatment
models, enhancing the accuracy and speed of decision-making. In conclusion, while MCP presents a powerful
framework for standardizing context sharing in Al, addressing its security, scalability, and ethical
considerations will be crucial for its widespread adoption and future success.
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