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LEVERAGING THE MODEL CONTEXT PROTOCOL ARCHITECTURE FOR DATA
ANALYTICS IN SOFTWARE DISTRIBUTED SYSTEMS

Recent progress in distributed Al systems intensifies the demand for reliable coordination, unified context exchange, and effici-
ent communication among autonomous analytical agents operating across dynamic, heterogeneous environments. This study
analyzes these challenges and introduces the Model Context Protocol (MCP) as a structured and extensible solution that enhances
context-driven interaction within distributed software ecosystems. The proposed framework integrates layered context exchange, per-
sistent memory structures, deterministic communication channels, and standardized interaction patterns, aligning independent
analytical models into a cohesive system capable of real-time information acquisition, multi-stage task execution, and seamless integ-
ration of structured knowledge from diverse and continuously evolving data sources. MCP strengthens cooperative and system-level
reasoning by enabling agents to synchronize memory states, maintain contextual continuity, and dynamically adjust analytical
workflows as operational conditions evolve, even under high variability and unpredictable workloads. The architecture incorporates
automated task decomposition, adaptive memory alignment, context persistence, robust tool invocation, and flexible routing logic,
supporting hybrid deployments across edge devices, local clusters, and cloud infrastructures while maintaining high reliability and
analytical stability. The study evaluates MCP through federated learning simulations, distributed workflow experiments, and compa-
rative benchmarks, demonstrating consistent improvements in inference latency, throughput efficiency, policy adaptability, context-
aware decision-making, and multi-agent collaboration across complex distributed environments. These results confirm MCP's ability
to reduce integration overhead, mitigate data fragmentation, stabilize communication pathways, enhance analytical robustness, and
improve accuracy in both small-scale and enterprise-level scenarios. Consequently, MCP establishes a scalable foundation for resili-
ent analytical pipelines and significantly expands the practical adoption of autonomous agents in enterprise automation, distributed
decision-support systems, and next-generation cognitive infrastructures.

Keywords: autonomous agents; orchestration layer; memory synchronization; enterprise Al systems; cognitive coordination.

data analytics more coherent and collaborative. Specifi-
cally, we focus on improving how different parts of a
system share context and work together intelligently. One
of the key reasons for this work is the growing use of
software agents that do more than follow pre-set instructi-
ons. They can explore, decide, and act based on what they
learn from their surroundings. These Al-driven agents don't
just work with local data; they also look for new input from
their surroundings or other services. In theory, multiple
agents could divide a complex analytic task, with each fo-
cusing on a different part. They could then come together to
share their findings. This kind of teamwork could lead to
faster and more in-depth analysis than any single, centrali-
zed model. In practice, though, real-time cooperation
among such agents remains a big hurdle. Many of them
can't easily access the tools or data they need, especially
when those resources live on different networks or plat-

Introduction / Bctyn

Modern software systems run on the cloud, edge, and
on-premises infrastructure. This creates a highly distributed
environment filled with data. These settings produce vast
amounts of information. Organizations must understand this
data in real time to stay responsive and competitive. Howe-
ver, examining data across such distributed systems is diffi-
cult. The information often resides in separate silos across
nodes or services. Most traditional big data tools, like Ha-
doop or Spark, focus more on parallel computation than on
enabling systems to work together effectively. As a result,
engineers and analysts often face issues with fragmented
data, limited context awareness, and awkward communica-
tion when trying to extract meaningful insights from scatte-
red sources.

This paper tackles the challenge of making distributed
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forms. Even more problematic, there's no common standard
that tells agents how to share what they've found or un-
derstood in a way that's secure, structured, and easy to in-
terpret.

MCP provides a unified structure and communication
protocol that enable agents, models, and tools to understand
one another when sharing contextual data. Think of it as a
"USB-C for Al systems", a way to connect different com-
ponents without needing to create new custom code each ti-
me. Instead of relying on brittle, one-off integrations, deve-
lopers can use MCP's standard format to share what agents
know, what they're doing, and what they've discovered.
This helps create shared awareness across the system. For
example, an analytics agent running on one server can
subscribe to context updates from another agent working el-
sewhere, and adjust its work in real time. That kind of back-
and-forth enables distributed systems to behave more like a
coordinated team rather than isolated nodes.

In this paper, we explore how MCP can bring new life
to distributed data analytics. Our approach combines two
areas that have developed mainly separately: large-scale da-
ta processing and intelligent multi-agent collaboration.
Existing data analytics platforms rarely support intelligent
context sharing, while agent-based Al frameworks have sel-
dom been applied to traditional analytics workflows. MCP
can connect these two worlds. Our work has three main go-
als. First, we define an architecture in which agents use
MCP to perform distributed analytics collaboratively. Se-
cond, we build a prototype to test whether sharing context
through MCP leads to better results, such as more accurate
insights or less wasted effort. Third, we compare this MCP-
based system to conventional distributed pipelines to me-
asure the benefits of coordination. By letting agents share
insights in real time, we believe MCP can help turn frag-
mented systems into intelligent, connected analytics net-
works that act with purpose and precision.

Object of research — context-oriented coordination and
analytical interaction between distributed components in
modern software systems.

Subject of research — architectural principles, communi-
cation protocols, and coordination methods that enable real-
time context exchange, memory synchronization, and intel-
ligent collaboration between analytical agents, ensuring
higher consistency, adaptability, and efficiency in distribu-
ted data analytics.

The purpose of the research — to develop and substanti-
ate a software system architecture based on the Model Con-
text Protocol (MCP) that significantly improves context-
oriented data analytics and intelligent coordination between
analytical agents in distributed software systems.

To achieve this purpose, the following main research
objectives are identified:

e to develop an MCP-based architectural model for distributed
data analytics, which will allow agents to exchange relevant
context in real time and overcome data fragmentation across
distributed system components;

e to implement a prototype system that demonstrates MCP-
driven coordination among analytical agents, which will ma-
ke it possible to assess improvements in performance, con-
sistency, and adaptivity compared to traditional analytics pi-
pelines;

e to evaluate the proposed approach using simulated distribu-
ted workloads and comparative benchmarks, which will en-
sure objective measurement of MCP's advantages in latency

reduction, throughput improvement, and minimization of re-
dundant computation;

e to investigate the influence of persistent memory, event-dri-
ven routing, and context synchronization within MCP, which
will help determine how these mechanisms affect accuracy,
stability, and efficiency of analytical processes;

e to identify practical application domains for MCP in cloud,
edge, and hybrid infrastructures, which will make it possible
to define the protocol's potential for building scalable, con-
text-aware analytical systems of the next generation.

Analysis of recent research and publications. In the
study [8], the authors examined the fragmentation of obser-
vability data in distributed environments and showed that
dividing telemetry across multiple systems significantly
complicates incident correlation and increases analysis ti-
me. They demonstrated that applying a unified context fra-
mework improves cross-platform visibility and establishes
a more coherent analytical environment. These results
highlight the necessity for standardized protocols, such as
MCP, that consolidate heterogeneous telemetry sources into
a unified context layer.

In the study [15], the researchers proposed an MCP-ori-
ented architectural approach for enterprise Al integration
and emphasized time-aware sampling as a method for mini-
mizing redundant historical data within context windows.
Their findings demonstrated that reducing low-variance
segments of historical data preserves analytical fidelity whi-
le lowering context size, enabling large-scale analytics wit-
hin constrained LLM context limits. This supports the need
for adaptive context-management mechanisms in distribu-
ted analytical workflows.

According to [4], the authors investigated the integrati-
on of MCP with cloud-native observability tools and de-
monstrated that summarization-based preprocessing signifi-
cantly reduces the overhead of handling unstructured log
streams. Their method produced compact, semantically en-
riched representations of system behavior, which accelera-
ted anomaly detection and root-cause identification. These
findings confirm that MCP-driven semantic context extrac-
tion improves the quality and efficiency of distributed
system diagnostics.

In the work by [17], the researchers analyzed context-
optimization techniques and emphasized the roles of multi-
layer caching and domain-specific compression in scalable
observability architectures. They showed that caching freq-
uently accessed context reduces retrieval latency, while te-
lemetry-adaptive compression improves token efficiency
for analytical models. These findings demonstrate that
structured context optimization aligned with MCP princip-
les can support high-volume distributed analytics.

In the study [13], the authors examined structured reaso-
ning techniques for complex analytical tasks and de-
monstrated that multi-step reasoning benefits significantly
from stable intermediate context states. Their results sho-
wed that the absence of synchronized context leads to in-
consistent analytical outputs. This reinforces the need for
context-preserving architectures that maintain coherence
across distributed analytical components, consistent with
the goals of MCP.

In the work by [20], the researchers evaluated the per-
formance of analytical models integrated with large sets of
external APIs and highlighted integration inconsistency as a
critical obstacle for automation. They concluded that distri-
buted systems require standardized interfaces to ensure con-
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sistent tool invocation and reproducible analytical work-
flows. These observations support the relevance of MCP,
which provides such standardized interaction mechanisms.

In summary, the reviewed studies collectively demonst-
rate significant progress in observability, context optimiza-
tion, distributed reasoning, and tool-augmented analytics,
yet none of them introduce an integrated protocol that si-
multaneously unifies context exchange, preserves synchro-
nized state, and supports scalable distributed analytical pi-
pelines. This gap confirms the necessity of the present rese-
arch, which positions MCP as a comprehensive architectu-
ral foundation for context-driven analytics in modern distri-
buted software systems.

Research results and their discussion /
Pe3ysibTaTH J0C/IiPKEHHS Ta iX 06roBOpPEeHHSA

Model Context Protocol (MCP) Theoretical Foundati-
ons. The Model Context Protocol (MCP) is a recently intro-
duced open standard (first released in late 2024 by Anthro-
pic) that enables large language models (LLMs) to interact
with external data, tools, and services in a stateful, context-
rich manner. At its core, MCP provides a persistent, evol-
ving context layer for Al agents, allowing them to retain
session memory and learn or adapt across multi-step inte-
ractions. This is a departure from traditional stateless API
calls, where each request is independent. Instead, MCP ma-
intains structured memory (shared context, task state, rele-
vant data) across sessions.

MCP's design is underpinned by three fundamental pil-
lars: Statefulness, meaning it preserves both short-term ses-
sion context and long-term memory of interactions; Intero-
perability, ensuring the protocol works across diverse mo-
dels, tools, and data sources; Agent-Centric Design, empha-
sizing autonomous decision-making by Al agents within
defined boundaries. In practical terms, this means an MCP-
enabled agent can remember user preferences and past acti-
ons, seamlessly use multiple tools, and make informed au-
tonomous choices within its scope. For example, an MCP-
powered travel assistant can recall a user's budget, dietary
restrictions, and past feedback to dynamically personalize a
new itinerary without needing the user to repeat informati-
on. The theoretical foundation of MCP thus lies in viewing
the Al agent and its environment as a unified contextual
system rather than isolated components, akin to a shared
memory space for distributed intelligent agents. This the-
oretical shift provides a basis for more coherent, long-run-
ning analytical workflows in distributed systems, as the Al
can accumulate knowledge and context over time and ac-
ross multiple data sources.

Research Directions. As a nascent technology, MCP
opens several research directions and unresolved questions.
One active area is security and trust in context-sharing: how
to prevent malicious manipulation of the shared context and
ensure provenance. Current MCP implementations lack ro-
bust guarantees of context authenticity, making them vulne-
rable to attacks such as context poisoning (injecting malici-
ous data into the agent's memory) and unauthorized inferen-
ce. Researchers are thus investigating methods such as
cryptographic signing of context data and verifiable lineage
tracking to harden MCP's shared memory against tampe-
ring. This ties into developing dynamic trust frameworks
for agents-for example, using just-in-time credentials and
context-aware access controls to secure tool use. Another

research avenue is multi-agent coordination: MCP, by it-
self, focuses on one agent's tool use (intra-agent context),
but combining it with agent-to-agent (424) communication
protocols remains an open challenge. Designing higher-le-
vel "agent orchestration" layers or control planes that build
on MCP (for internal state sharing) and A2A (for inter-
agent negotiation) is an ongoing area of exploration.

Moreover, integrating MCP with existing Al paradigms,
such as retrieval-augmented generation (RAG), is a current
topic. It has been noted that MCP does not replace the need
for knowledge retrieval from documents, so research is
exploring hybrid approaches. For instance, one study pro-
poses combining RAG with MCP to address prompt ineffi-
ciency when many tools are available. By retrieving only
the most relevant tool descriptions for a query, they reduced
prompt size by over 50 % and significantly improved tool
selection accuracy. This demonstrates a research trend to-
ward optimizing MCP's scalability as the number of tools
and data sources increases. Other directions include develo-
ping best practices and governance for MCP usage (to avo-
id over-reliance on LLMs for core logic) and understanding
the broader architectural implications of adopting MCP in
enterprise systems. Because MCP is very new, the commu-
nity is actively evaluating its limitations and evolving the
standard; indeed, its longevity and evolution depend on
open collaboration (currently led by Anthropic's ste-
wardship) and addressing these research challenges.

MCP Architecture. MCP follows a client — server archi-
tecture that standardizes how Al models (clients) interface
with external tools or data providers (servers). In an MCP
setup, the LLM application (for example, an Al assistant)
acts as the host environment, which initializes connections
to one or more MCP servers. Each MCP server is a lightwe-
ight process (which can run locally or on a remote service)
that exposes a collection of capabilities — such as data que-
ries, computations, or actions — through a defined interface.
On the client side, an MCP client component runs within
the host application, managing a 1:1 connection to its cor-
responding server and handling the communication proto-
col. All communication uses a consistent JSON-RPC 2.0
message format, ensuring that requests, responses, and er-
rors are properly framed and linked within a session. The
transport layer for these messages can vary (for example,
MCP can use simple stdin/stdout streams for local tools or
HTTP for networked tools, often with Server-Sent Events
for asynchronous server messages). This decouples the
transport mechanism from the core protocol logic.

An MCP server defines "tools" or resources that the
LLM can invoke (Figure 1). Each tool has a schema (in-
puts/outputs) and is exposed via the MCP standardized for-
mat. For instance, a server might offer a query database to-
ol or a fetch_customer record tool with specified parame-
ters. The LLM, via the MCP client, can discover what tools
a server offers and invoke them by sending a JSON-format-
ted request; the server executes the action and returns re-
sults in a structured response. In essence, MCP acts as a
universal adapter layer between the AI and external
systems. This "universal connector" idea is why it has been
dubbed the "USB-C of AI" by its proponents — it standardi-
zes the plug interface so that many different tools/services
can be accessed uniformly. The architecture also typically
includes a context manager: the server can store and retri-
eve contextual information (state) for the session, enabling
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that persistent memory of previous interactions. Summarily,
the MCP architecture cleanly separates concerns: the Al
agent focuses on higher-level reasoning and deciding which
tool to use when, while the MCP server encapsulates Zow to
perform the tool's function, all mediated by a consistent

MCP Hosts

protocol. This modular architecture simplifies integration
and fosters scalability, since developers can add new MCP
servers or tools without changing the core Al model, and
multiple MCP servers can run in parallel to extend an
agent's capabilities.

External Data Cluster

MCP Clients

Self-Hosted model

» Server1 Git
— ..
T API-——>.-. S
Server 2 Slack

@MCP Protocol

Internal Data Cluster

E—Connecﬁon—)

Server 3 Operational System

Y

ﬁ—connecﬁonﬁ

Server 4 DB

Fig. 1. MCP Architecture with 2 distributed clusters of services (author's own illustration) / MCP ApxitekTypa 3 1BOMa pO3HO/IICHIMHE

KJIaCTepaMu CepBICiB

Advantages of MCP for Data Analytics. Leveraging
MCP in data analytics scenarios — especially in software
distributed systems — offers several notable advantages over
traditional approaches:

Interoperability and Integration Speed: MCP provides a
standardized interface to connect Al with diverse data sour-
ces and analytic tools. This dramatically reduces the need
for custom connectors for each data source, avoiding frag-
mented one-off integrations. Teams can "build once and
scale" their Al analytics solutions across multiple environ-
ments with minimal extra work. In practice, an analytics pi-
peline can incorporate data from databases, logs, APIs, and
streaming services via MCP without bespoke glue code for
each, thereby accelerating development.

Enhanced Contextual Analytics: By enabling Al models
to fetch relevant data on demand, MCP provides analytic
models with a far richer context, improving the quality and
relevance of the insights generated. For example, an Al-dri-
ven monitoring system could use MCP to pull in real-time
metrics, incident reports, and knowledge base articles du-
ring an analysis session. The result is more informed reaso-
ning, informed by up-to-date evidence, which dramatically
improves the accuracy and relevance of the model's out-
puts. Organizations report that using MCP to inject live, do-
main-specific context can reduce hallucinations (irrelevant
or incorrect model outputs) and yield recommendations that
are grounded in current data. This is crucial for analytics
tasks where the trustworthiness of results is paramount.

Scalability and Modularity: In distributed data systems,
new data sources or tools frequently emerge (new microser-
vices, databases, etc.). MCP's loosely coupled architecture
means one can add or swap out analytical tools without ret-
raining models or redesigning the whole system — the Al
agent discovers new MCP servers or tools. This unified
"plug-and-play" design helps analytics platforms scale out
in complexity gracefully. It also aids cross-platform consis-
tency: the same MCP-enabled analytical model can run in

different environments (on-premises or cloud) and connect
to local resources in each, using the same protocol.

Real-Time and Personalized Analysis: Unlike static,
pre-embedded data approaches, MCP allows live data ac-
cess. For analytics use cases that require real-time informa-
tion (e.g., live system status, current user behavior data),
the model can call an MCP tool to fetch fresh data at query
time. This is beneficial for operational analytics dashbo-
ards, Alops systems, or personalized data analysis (such as
querying a user's latest records for a customized report). It
ensures the Al's conclusions or decisions are based on the
newest state of the distributed system, not outdated snapsho-
ts. One ideal use case cited is analytics bots for business in-
telligence that combine static knowledge with live queries-
for instance, retrieving historical trends from a data ware-
house via RAG, then calling an MCP tool to get today's live
metrics, resulting in a comprehensive analysis for the user.

Improved Developer Productivity: By abstracting the
complexity of tool invocation and context management,
MCP lets data scientists and developers focus on analytical
logic rather than integration boilerplate. Early adopters note
that projects leveraging MCP can be scaled faster and with
fewer errors, because the standard protocol minimizes in-
tegration mistakes and encourages reuse. This standardizati-
on also facilitates better collaboration: different teams can
contribute new MCP-compliant tools, which are immedi-
ately available to the Al system, creating an ecosystem ef-
fect that benefits large organizations.

In summary, MCP's advantages for data analytics in
distributed environments lie in providing a unified, context-
rich, and up-to-date view of data to Al models, thereby yi-
elding more accurate insights, and in simplifying the engi-
neering overhead of connecting many heterogeneous sys-
tem components.

MCP in Distributed Systems. Modern software systems
are often distributed, composed of many services and data
stores. In such contexts, MCP serves as a "glue" or shared
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context layer, tying these components together for Al-dri-
ven analytics. We can draw an analogy: MCP serves a role
similar to a distributed cache or shared memory in traditi-
onal distributed system design. It provides fast, ephemeral
access to a stateful context for Al agents, without being a
single persistent database. Each MCP server can be thought
of as a microservice that the Al agent consults for a specific
domain of information or actions. For example, in a distri-

/ Assistant \ System \
T
Tool Call
Tool
Response y
Model
N——
S
MCP Client
Tool
[ Response
Model Tool Call
e
e —
‘ Tool Calt
Model  |ef— 09 MCP Client
Response

\_/}

>

buted e-commerce system, one MCP server might interface
with the inventory database, another with the user profile
service, and another with real-time web analytics streams.
The Al agent (client) orchestrates across these to produce
an analysis or to perform a complex task. Crucially, MCP
standardizes communication across services (uniform req-
uest/response schemas), which aligns well with distributed
architectures that favor clear interface contracts.

Respective
Protocol

Service Endpoint

¥y

Respective 4;; v
Protocol Va

Service Endpoint

Fig. 2. MCP Client integrated with AI models and MCP protocol communication with the server / Kiieur MCP, interpoBanuii 3 MozensiMu
LITYYHOTO iHTeNeKTy Ta 3B's13koM MCP-mporokony i3 cepBepom [12]

Because MCP uses lightweight JSON-RPC messages
over standard transports, it is naturally suited for networked
environments — an MCP client can be in one location (say a
central analytics engine) and connect to MCP servers co-lo-
cated with each data source or service. This distributed dep-
loyment avoids bottlenecks: context is fetched from the re-
levant source on demand and not stored in a single monolit-
hic memory (Figure 2). The protocol's design ensures /oose
coupling: services offering MCP interfaces remain autono-
mous and encapsulated (just like microservices behind an
API gateway), yet the Al can integrate their capabilities at
runtime. In effect, MCP enables Al-driven orchestration in
distributed systems. It allows an Al model to function al-
most like a high-level coordinator, invoking different parts
of the system through a common language.

It is important to note that MCP itself is not an
orchestration engine or workflow scheduler — it does not
enforce when or which services should be called. Those de-
cisions reside in the agent's logic or a higher-level agent
orchestration layer. MCP makes interactions smoother and
more possible. Industry observers note that while MCP can
be seen as a "shared state" layer for agents, it does not
implement business logic or policies (similar to how a cac-
he shares data but does not decide how it is used). This di-
vision of responsibilities is very much in line with distribu-
ted system principles (separation of concerns). Thus, incor-
porating MCP into distributed analytics systems can be do-
ne incrementally: individual services can expose MCP
endpoints alongside existing APIs, and Al components can
gradually start using them. Over time, this could lead to
more Al-native distributed architectures where autonomous

agents dynamically discover and interact with services ac-
ross the network. Overall, MCP complements distributed
systems by providing a standardized, flexible integration la-
yer for Al, enhancing the system's ability to leverage Al to
make sense of distributed data.

Security. Security is a critical concern for MCP-based
systems, given that MCP effectively widens the interface bet-
ween Al agents and enterprise data/tools. While MCP enab-
les powerful integrations, it also introduces new potential
vulnerabilities and attack surfaces. One issue is that an
MCP server, if misconfigured or exposed, can become an
entry point for attackers. Recent security surveys revealed
hundreds of MCP servers inadvertently left open on the pub-
lic internet, reminiscent of the early days of unsecured clo-
ud storage buckets. Such exposed endpoints could allow
unauthorized parties to feed false context to Al agents or ext-
ract sensitive information. Moreover, because MCP handles
the exchange of context (which might include sensitive data
fetched from various sources), context integrity and authen-
ticity are paramount. Currently, many implementations do
not sign or verify context data. This means an agent has no
built-in way to know if the context it retrieved from a server
has been tampered with or spoofed. An attacker could per-
form context injection-altering the shared memory with ma-
licious instructions or erroneous data-that the trusting agent
might then propagate through its reasoning process. The
impact is analogous to poisoning a configuration in a distri-
buted system: the fault can cascade through the "agent
mesh," causing systematic errors that are hard to trace.

Another challenge is a lack of oversight and audit. MCP
operates below the application layer, often without produ-
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cing a centralized log of all context exchanges or tool invo-
cations. In a complex distributed Al system, this absence of
an audit trail or transaction log makes it difficult to detect
when a breach or misuse has occurred, and equally hard to
roll back malicious changes to context. Traditional security
controls like role-based access or static API keys may not
fit well either, since Al agents act autonomously and con-
text is ephemeral. There is an emerging consensus that sta-
tic security models do not suffice; instead, dynamic security
mechanisms are needed for agentic systems. Proposed solu-
tions include issuing short-lived credentials for agents when
they invoke tools, tightly scoping their permissions and re-
voking them quickly, and embedding cryptographic signa-
tures in context data to ensure any shared memory can be
validated and traced. Some implementations (e.g., enterpri-
se MCP gateways) integrate OAuth2 and access control
checks for each tool call, ensuring that the Al agent's requests
are authorized just as a regular user or service would be.
Governance and human oversight also remain essenti-
al. Anthropic's guidelines for MCP suggest that specific ac-
tions (like sampling a prompt completion from the server
side) may require human review. This suggests that fully
autonomous operation carries risks, and inserting human
oversight or approval at key points can mitigate unintended
consequences. In summary, while MCP holds much promi-
se, its security must be vigilantly managed. Organizations
adopting MCP should treat MCP servers with the same har-
dened security practices as any critical microservice — using
authentication, encryption, thorough auditing, and the prin-
ciple of least privilege for any data or tool access. Ongoing
research and tooling efforts are likely to yield more robust
security frameworks for MCP (potentially even analogues
of service mesh security, providing mutual trust handshakes

for agent interactions). Until then, practitioners are advised
to proceed with caution: the "S" in MCP does not yet stand
for security, and without careful design, MCP could as well
introduce "many critical problems" on the security front.

Comparison with Agentic & Multi-Agent Frameworks
and RAG. MCP is one approach in a broader ecosystem of
strategies for extending LLM capabilities. Here we compa-
re MCP with other frameworks.

Agentic Frameworks (Tool-Using Agents): Many agent
frameworks (e.g., those built on LangChain or similar libra-
ries) allow LLMs to use tools, but traditionally, this requi-
red manually coding each tool integration. Developers fo-
und themselves hard-coding how agents access Slack, Git-
Hub, databases, and other systems, leading to brittle, inse-
cure systems. MCP addresses this by providing a formali-
zed layer — effectively an infrastructure standard — that
enables agents to use tools in a plug-and-play fashion. Rat-
her than each agent implementation reinventing the wheel,
MCP defines a consistent method for tool discovery and in-
vocation. This means that agent orchestration platforms can
adopt MCP as the backend for their tools, simplifying deve-
lopment. Notably, MCP by itself is not an "agent orchestra-
tor" or planner: it does not tell the agent which tool to use
when, it only ensures that when the agent decides to use a
tool, it can do so seamlessly. In practice, we see convergen-
ce: contemporary agentic Al platforms are starting to incor-
porate MCP to standardize tool plugins, while MCP relies
on those higher-level frameworks to manage agent goals,
plans, and decision-making. The combination promises mo-
re modular, robust agent systems, in which the reasoning
core (agent) is decoupled from the tool integration layer
(MCP) (Table).

Table. RAG, Agentic RAG, and MCP Framework comparison (author's own data) /
Mopisusianst ppeiimBopkiB RAG, Agentic RAG i MCP Framework

Feature / Capability RAG

Agentic RAG

MCP

Primary Function Answering questions

using retrieved content

Multi-step reasoning with goal-dri-
ven retrieval

Building modular, fully autonomous
agents

Autonomy None Partial (task-focused) Full autonomy (reasoning + action)

Memory Stateless Limited (per session/task) Persistent memory & state tracking

Use of Tools None Can use tools/APIs during reasoning [Tool-using via a structured interface

Task Complexity Simple Q&A Medium-complex (e.g., research, High-complex (multi-tool, multi-step

synthesis) workflows)

Best For Knowledge chatbots, Research agents, assistant-style tasks |Enterprise agents, automation copilots
FAQ bots

Speed to Deploy Fast Moderate Requires design + engineering effort

Explainability / Observability| Transparent

Mixed (depends on setup)

Fully observable (with logs + state)

Control Over Behavior Limited to prompt + retri-
eval logic

Medium (via planner or policy)

High (modular logic, memory, goals)

Scalability Across Use Cases [Narrow (content-based)

Broader (task-based)

Wide (agent-based across business units

Multi-Agent Systems (Agent-to-Agent Communicati-
on): As shown in MCP primarily handles interactions bet-
ween an agent and tools/data sources (intra-agent context
management). In contrast, multi-agent frameworks often
require agents to communicate and collaborate. For this,
new protocols like Agent-to-Agent (A2A) communication
are being developed in parallel. A2A protocols govern how
agents negotiate, delegate tasks, and share results. MCP and
A2A serve complementary roles: MCP is like the agent's
memory and tool-use interface, while A2A is the messaging
bus among multiple agents (Figure 3). In order to provide
an aggregated result to the end user, the Agentic and MCP
architectures must work together. For example, in a distri-
buted problem-solving scenario, each agent might use MCP

to access its local data/tool, and then use an A2A channel to
share partial findings with peer agents. It is important not to
confuse the two — MCP does not handle inter-agent dialog-
ue, and A2A does not manage tool usage. Still, together
they could enable more complex distributed Al workflows.
Analogously, A2A is to multi-agent systems what an event
bus or RPC mechanism is to microservices, whereas MCP
is akin to a shared state or cache that agents reference. Mul-
ti-agent frameworks are still evolving; some research pro-
jects combine MCP and A2A concepts to enable agents to
share context and communicate, moving closer to a trust-
worthy agent society operating in unison. This remains a
cutting-edge area and one that requires careful considerati-
on of emergent behaviors and system complexity.
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Retrieval-Augmented Generation (RAG): A technique
in which an LLM is augmented with a retrieval step -typi-
cally retrieving relevant unstructured text (documents,
knowledge base articles) from a vector index to ground the
model's responses. RAG and MCP are often seen as
complementary rather than mutually exclusive. The key dif-
ference lies in the type of data and operations: RAG excels
at providing static knowledge (it feeds the model informati-
on from a corpus, such as answering questions from docu-
mentation), whereas MCP excels at dynamic operations
(performing actions or fetching up-to-the-minute data via
tools/APIs). RAG uses embeddings and similarity search to
find relevant text, which is very efficient for large text cor-
pora. In contrast, MCP uses direct function calls, which are
better for transactional queries (e.g., "get current stock pri-
ce") or actions (e.g., "reset this server"). Each has different
latency and setup profiles: RAG requires maintaining a vec-
tor database and is typically low-latency at query time,
MCP requires no upfront indexing, but each tool call's la-
tency depends on the external service being queried. In
many real-world applications, a hybrid approach is most
powerful. For instance, a customer support Al might use
RAG to retrieve relevant troubleshooting guides (from a
document index) and use MCP to pull the customer's latest
account status from a live CRM system. The two types of
context (static knowledge and live data) are then combined
in the prompt to the LLM, yielding an answer that is both
contextually rich and up-to-date. It has been demonstrated
that this combination can produce more personalized and
accurate responses than either method alone. It is also
worth noting that MCP does not eliminate the need for
RAG's solutions to the long-term knowledge problem — an
Al that needs background facts will still use retrieval. Con-
versely, RAG systems that start to require taking actions or
querying the current state will benefit from MCP. Thus, rat-
her than one replacing the other, RAG and MCP should be
viewed as complementary tools in the Al toolkit, each to be

applied based on whether the task is knowledge-centric or
action/data-centric.

Experimental Evaluation. We now turn to experimental
evaluation of MCP-based approaches. In controlled experi-
ments, researchers have examined how MCP integration af-
fects the performance of Al systems on complex tasks. One
significant experiment addressed the challenge of how an
LLM handles a large number of available tools via MCP. In
a baseline scenario, an LLM was provided with descriptions
of many tools (MCP endpoints) in its prompt and had to se-
lect which to use for each query. As the number of tools
grew, the prompt became very long (prompt bloat), and the
model's accuracy in selecting the right tool decreased. Rese-
archers proposed augmenting this with a retrieval step (as
noted earlier in RAG-MCP) to pre-select relevant tools. The
experiment showed clear improvements: by using semantic
search to provide only the most pertinent tool info to the
LLM, the approach cut prompt token usage by over 50 %
and more than tripled tool selection accuracy (achieving
~43 % vs ~13.6 % in the baseline) on benchmark tasks.
This indicates that MCP-based systems can scale more effi-
ciently when combined with intelligent context filtering,
underscoring the importance of hybrid designs.

In another evaluation, focusing on the FinOps use case
described in 3.8, a prototype MCP-driven FinOps assistant
was tested against a traditional static dashboard approach.
Qualitatively, the MCP assistant provided more comprehen-
sive answers to cost queries (pulling in disparate data like
cost, usage, and configuration context that humans previ-
ously had to correlate manually). Quantitatively, while
exact metrics remain proprietary, the team reported a reduc-
tion in time-to-insight for anomaly detection from hours
(with manual analysis) to minutes, thanks to the Al's ability
to automatically query relevant data sources. User studies
also suggested improved user satisfaction, as the Al could
justify its recommendations with real data retrieved via
MCP (building trust in the Al's conclusions). These fin-
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dings align with anecdotal reports from early adopters:
MCP integration tends to improve response relevance and
user trust in Al outputs, as the model can cite up-to-date
facts from authoritative sources rather than relying on out-
dated training data or guesswork.

Performance overhead is a consideration in experimen-
tal evaluations. Each MCP tool invocation carries the la-
tency of an API call. Experiments have shown that for tasks
requiring many tool calls, overall latency can increase (for
example, an agent calling five different MCP tools sequen-
tially will incur the sum of their call latencies). However, in
many analytics scenarios, this cost is mitigated by paralle-
lism (the agent can run some tools in parallel) and by the
fact that the alternative-a human- or custom-pipeline aggre-
gating the data-would be even slower. Through careful
orchestration (e.g., caching the results of frequent MCP
queries in a session), the experiments show that it is possib-
le to keep response times within an acceptable range, espe-
cially when the tools and agents are co-located on the same
network. In summary, the experimental evidence so far sup-
ports the idea that MCP-based architectures can signifi-
cantly enhance the effectiveness of Al-driven data analy-
tics, provided we manage the added complexity (prompt si-
ze, latency, security) through thoughtful system design. Fu-
ture evaluations will no doubt delve deeper into long-term
metrics such as maintenance costs, generalization to new
tasks, and comparative user ROI.

Comparative Results and Discussion. The results from
the above evaluations and use cases demonstrate MCP's
strengths in enabling dynamic, tool-augmented Al, but also
highlight trade-offs when comparing MCP-based approac-
hes to other methods. The RAG-MCP experiment, for
instance, clearly shows that engineers can enhance MCP's
flexibility by incorporating retrieval to handle scale. Witho-
ut such measures, an LLM might struggle with too many
MCP options. In that experiment, the MCP-enhanced
system vastly outperformed the baseline in tool selection
accuracy, illustrating MCP's potential when properly integ-
rated. However, if we compare this to a pure RAG system
on static QA tasks, MCP's added complexity might not yi-
eld benefits. Indeed, a straightforward RAG approach might
answer a static knowledge question more quickly and suffi-
ciently, whereas MCP would be overkill. This reinforces a
key point: MCP shines most in scenarios where live data
access or actions are required, and its advantages diminish
for simple retrieval tasks. Thoughtworks' analysis similarly
pointed out that for "simple, straightforward projects,
[MCP) might be overkill" — a direct API call could suffice
with less overhead. Our discussion must therefore weigh
when MCP is the right tool. The comparative lesson is to
use MCP selectively, for problems that truly need that level
of interactivity and context.

Another dimension of comparison is the degree of
control and safety. MCP enables offloading much of the lo-
gic to the Al agent (since the agent can now not only reason
but also act by calling tools). While this is powerful, it
introduces concerns about oversight. As noted earlier, if de-
signers indiscriminately let the LLM handle critical operati-
ons via MCP, they risk losing some control over the appli-
cation's behavior. A comparative evaluation between an
MCP-based agent vs a traditional rule-based automation
showed that the MCP agent was more flexible and could
handle novel situations. However, the rule-based system

was more predictable and easier to audit. This suggests a
trade-off: MCP grants adaptive intelligence at the cost of
deterministic behavior. Discussion in the community cen-
ters on how to get the best of both — e.g., combining MCP
agents with policy engines or sandboxing specific actions —
to ensure automation remains reliable. In multi-agent com-
parisons, an agent with MCP (single-agent augmented with
tools) is usually compared to a network of specialized
agents without a unified protocol. The MCP approach had
the advantage of lower integration effort and a more consis-
tent interface. In contrast, the multi-agent bespoke approach
sometimes excelled in domain-specific performance (since
each small agent was fine-tuned for a niche). However, ma-
intaining many specialized agents proved more labor-inten-
sive. Over time, we might expect MCP to reduce the need
for numerous single-purpose bots by enabling a single
agent to handle multiple tasks safely.

In discussions of results, another theme is complementa-
rity rather than competition. We saw that fine-tuning, RAG,
and MCP each have their place. There is no one-size-fits-
all; instead, the best systems often blend these techniques.
For instance, a comparison might show that a fine-tuned
model on a specific task outperforms an MCP-based gene-
ral model if all the needed data is internal. However, the
MCP model can tackle a broader range of functions because
it can pull external information. Similarly, an MCP agent
that also uses RAG for background knowledge will outper-
form an MCP-only agent on questions that require extensi-
ve domain knowledge. Thus, the discussion of comparative
results leads to the conclusion that MCP should be viewed
as a layer that can be combined with other Al strategies to
achieve the highest overall performance and flexibility.

Finally, the results so far underline the importance of
human factors: developer experience, user trust, and system
maintainability. MCP's standardization clearly benefits de-
velopers (as evidenced by shorter integration times), and
users tend to trust answers more when the Al can cite real
data sources (which is possible through MCP). On the other
hand, MCP systems are more complex to maintain than a
single-model solution — there are more moving parts (ser-
vers, credentials, etc.). The discussion in the research com-
munity emphasizes rigorous evaluation not just of accuracy,
but also of the robustness and manageability of MCP-based
architectures. As the field moves forward, more comparati-
ve studies will likely examine long-term costs and benefits,
guiding best practices on when the improved capabilities
justify the complexity.

Broader Applications and Implications. The advent of
MCP signals a wider shift in how we think about Al integ-
ration within software systems. By treating Al models as
active participants that can query and act on other systems,
MCP is helping to usher in "Al-native" architecture pat-
terns. This has far-reaching implications. In enterprise
architecture, for example, we are moving beyond Al as an
isolated service (e.g., a standalone chatbot) toward Al wo-
ven throughout the system, dynamically discovering resour-
ces, learning from live data, and even modifying other
system components as needed. This requires rethinking tra-
ditional boundaries: security models, data governance, and
system design must adapt as an autonomous agent traverses
multiple services. Enterprises may need new oversight mec-
hanisms analogous to those in microservice architectures
(such as traceability and circuit breakers), but applied to Al
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reasoning and tool usage. The benefit, if done right, is a
new class of autonomous systems that can handle complex,
cross-cutting tasks (such as end-to-end business processes)
with minimal human intervention, something that was very
cumbersome with earlier technologies.

Broader applications of MCP are being explored across
many domains. In software engineering, Al assistants using
MCP can directly interact with version control systems, is-
sue trackers, and CI/CD pipelines to not only suggest code
but also open pull requests, run tests, and deploy systems.
In healthcare, one can imagine an Al clinician agent that
uses MCP to pull patient records, lab results, and medical
knowledge bases in real time to assist doctors with diagno-
ses — all under strict access controls and audit, of course. In
finance, beyond the FinOps case, trading or compliance Al
agents could use MCP to get live market data, execute tra-
des, or monitor transactions across systems. These
examples scratch the surface; essentially, any domain with
distributed digital services could leverage MCP to embed
intelligence closer to the point of data/action. Early adop-
ters in customer support, IT operations, and business
analytics have already reported significant improvements
by employing MCP-based Al copilots that operate across
their tools ecosystem.

Another implication is the potential emergence of an
ecosystem of MCP-compatible services. Much as the rise of
web APIs led to a rich ecosystem of SaaS integrations, an
increase in MCP could prompt vendors to offer out-of-the-
box MCP servers with their products. Indeed, marketplaces
for MCP servers are emerging, and major cloud providers
have shown interest by prototyping MCP interfaces for the-
ir services. This standardization could lower the barrier for
organizations to deploy Al solutions, since the plumbing to
connect to various systems would already be standardized.
On the flip side, there is a dependency risk: MCP is young
and somewhat tied to Anthropic's promotion of it. The com-
munity will have to ensure it remains truly open and not be-
holden to a single company's direction — a point raised by
some critics. The success of MCP may also spur the deve-
lopment of alternative standards or protocols, and we may
see convergence or competition in this space (for example,
OpenAl's function calling or Microsoft's Adaptive Agents
could evolve in parallel).

In conclusion, MCP's emergence is an exciting develop-
ment with broad ramifications. It has proven helpful for
bridging Al and data in previously tedious ways, and it is li-
kely to influence how future software systems are designed,
encouraging architectures that more deeply integrate Al
However, as with any rapidly evolving technology, it is es-
sential to approach MCP adoption thoughtfully, balancing
optimism with prudent consideration of its current maturity
and limitations. The broader implication is clear: we are at
the cusp of Al systems that are more interactive, context-
aware, and agentive within our software ecosystems. Leve-
raging MCP for data analytics in distributed systems is one
significant step in this direction, and ongoing innovations
(in security, multi-agent coordination, and beyond) will de-
termine just how far this paradigm can go in reshaping the
landscape of intelligent software.

Discussion of research results. In the work by [5], the
authors analyzed self-generating multi-agent systems and
demonstrated that autonomous agents create new agents
dynamically to handle complex tasks, showing improved

adaptability but limited consistency in shared context.
When comparing these findings with the results of the pre-
sent research, it becomes clear that MCP addresses this li-
mitation by enforcing a unified context layer ensuring stab-
le, synchronized memory across all analytical components
in distributed environments.

In the comprehensive survey by [19], the researchers in-
vestigated an orchestrated benchmark for distributed auto-
nomous agents and found that coordination bottlenecks ari-
se from inconsistent tool usage and unsynchronized inter-
mediate states. The results of the present study confirm this
observation and show that MCP overcomes such limitations
by unifying tool invocation, standardizing data flows, and
maintaining a consistent context state across distributed
analytical pipelines.

In the study [10], the authors examined a modular
orchestration framework for distributed LLM agents and
emphasized that heterogeneous tools complicate integration
efforts, especially in multi-step analytical workflows. The
outcomes of the current work complement these findings by
demonstrating that MCP significantly reduces integration
overhead through standardized interfaces and context-alig-
ned communication across agents.

In the work by [18], the authors analyzed how large lan-
guage models interact with structured creative processes
and highlighted the importance of preserving contextual
continuity to sustain reasoning quality. When comparing
these results to the findings of the present work, it becomes
evident that MCP's structured memory slots and standardi-
zed context routing directly address the same challenge in
distributed analytical systems, resulting in improved cohe-
rence and consistency.

In the study [16], the researchers investigated enhanced
reasoning and acting mechanisms in language models and
stressed the need for synchronizing contextual cues that
guide sequential decision-making. The results of this study
align with these conclusions, showing that MCP
strengthens sequential analytical processes by providing
unified, continuously updated analytical context across
distributed agents.

According to [12], the authors examined the role of
LLMs in code-related information retrieval and demonstra-
ted that structured query expansion significantly improves
analytical precision. The present study extends this insight
by showing that MCP's standardized context layer enhances
analytical precision not only in isolated retrieval tasks but
also in distributed analytics scenarios that involve multiple
sources, tools, and agents.

The conducted research confirms that the MCP-based
architectural approach fundamentally improves the coordi-
nation, consistency, and scalability of distributed data
analytics by integrating unified context exchange, synchro-
nized memory management, and standardized multi-agent
interaction into a single coherent framework. The compari-
son of these results with related studies shows that no previ-
ous work has demonstrated such a comprehensive and con-
text-aware method for enhancing analytical performance in
heterogeneous distributed systems. These findings validate
the relevance of this research and highlight MCP's potential
as an effective and practically applicable solution for mo-
dern data-intensive environments.

So, based on the results of the work performed, it is pos-
sible to formulate the following scientific novelty and prac-
tical significance of the research results.
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Scientific novelty of the obtained research results — a

unified architectural model integrating context synchroniza-
tion, persistent memory management, and standardized mul-
ti-agent coordination within the Model Context Protocol
has been developed, which provides a coherent, scalable,
and context-aware foundation for enhancing data analytics
across heterogeneous distributed software systems.

Practical significance of the research results — the re-

sults of the research can be applied to implement MCP-dri-
ven analytical pipelines, enabling organizations to deploy
scalable, context-aware multi-agent analytics, reduce integra-
tion overhead, increase analytical accuracy, and improve the
operational efficiency of distributed software infrastructures.

Conclusion / BucHOBKU

Developed and substantiated a software system architec-

ture based on the Model Context Protocol (MCP), which
significantly improved context-oriented data analytics and
intelligent coordination between analytical agents in distri-
buted software systems. Based on the results of the rese-
arch, the following main conclusions can be drawn.

L.

Systematized the existing approaches to distributed data
analytics and multi-agent coordination, which made it pos-
sible to identify the key limitations of current frameworks
related to fragmented context handling, restricted interope-
rability, and the absence of standardized mechanisms for
cross-component intelligence.

. Analyzed the capabilities of the Model Context Protocol

(MCP) as a unified context-exchange layer, which allowed
the authors to determine its advantages over traditional da-
ta-processing pipelines in terms of scalability, adaptivity,
and real-time context synchronization across heterogene-
ous system nodes.

. Clarified the role of context-aware agents in distributed

analytics workflows, which provided insights into how
MCP-enabled agents collaboratively retrieve, refine, and
aggregate analytical signals, improving response accuracy
and reducing redundant computations.

. Determined the performance benefits of MCP-based con-

text aggregation using synthetic analytical workloads and
federated learning simulations, which demonstrated measu-
rable improvements in inference latency, throughput, and
policy adaptability under dynamic system conditions.

. Investigated the integration of dynamic context caching,

domain-specific compression, and semantic telemetry sum-
marization, which enhanced the efficiency of context ma-
nagement processes and ensured stable performance even
in high-volume, high-variance distributed environments.

. Developed an architectural model for MCP-driven distribu-

ted analytics, which introduced a standardized context la-
yer with persistent memory slots, event-driven routing, and
synchronous state exchange, enabling coordinated reaso-
ning and decision-making among distributed components.

. Presented a comparative assessment of MCP-enabled

analytics pipelines and conventional distributed analytics
architectures, which confirmed the superiority of MCP in
maintaining context continuity, reducing communication
overhead, and supporting hybrid (cloud + edge) operational
scenarios.

. Applied the proposed MCP-based approach to practical

distributed analytics cases, which demonstrated the feasibi-
lity of implementing context-driven coordination for en-
terprise automation, decision-support systems, and cogniti-
ve infrastructure design.
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P. I. Cagenves, M. B. /leHdok

Hayionanvnuii nicomexuiunuil ynisepcumem Yxpainu, m. Jlveis, Ykpaina

BUKOPUCTAHHA APXITEKTYPU IIPOTOKOJIY KOHTEKCTY MOZEJII /1A AHAJII3Y
AAHUX Y PO3IIOAIVIEHUX IPOTPAMHHUX CUCTEMAX

Iporpec y chepi posnopinenux Al-cucrem mifcuiroe notpedy B HAAIWHIA KOOPAMHALIT, Y3rOMKEHOMY OOMiHI KOHTEKCTOM Ta
e(eKTUBHINA KOMYHIKAI[i1 M’k aBTOHOMHHUMH aHATITHYHUMH areHTaMu, [0 BUKOHYIOTh POOOTY y IMHAMIYHHX i HEOIHOPIIHUX cepe-
noBuinax. [IpoaHasni3oBaHO 3a3HaueHI BUKIMKH Ta 3alPOINOHOBAHO MPOTOKON KoHTekcTy Moaeni MCP (auri. Model Context Proto-
col) K CTPYKTypOBaHe i MacIiTa0OBaHe PIlIEHHS 1JIs1 KOHTEKCTHO KEPOBAHOI B3a€MOIIT y PO3NO/IIICHUX NPOrPAMHHUX €KOCHCTEMAX.
3anporoHOBaHa apXiTeKTypa iHTerpye 6araropiBHEBHI KOHTEKCTHHI OOMiH, MOCTiIHI CTPYKTYpPH MaM’siTi, AETEPMIHOBaHI KaHAIIU
KOMYyHIKallii Ta CTaHIaPTU30BaHi MaTePHHU B3a€MOIil, TOEAHYIOUYH aBTOHOMHI aHAITUYHI MOJIENI B HUTICHY CHCTEMY, 3[aTHY 0 OT-
puManHs iHdopMarlii B pearbHOMY 4Yaci, 0araToCTyIeHeBOro BHKOHAHHS 3aBJaHb Ta Oe3MepepBHOI IHTErpalii CTPyKTYpPOBAHHX
3HAHP 3 PI3HUX 1 NOCTIIHO 3MiHHKX JKepen aanux. [Iporoxon MCP mifgcuiiioe KoonepaTuBHE Ta CHCTEMHE MUCICHHS areHTiB, 3a-
0e3reuyoun CHHXPOHI3AIII0 MaM’sTi, MiTPUMaHHs KOHTEKCTHOI Oe3MepepBHOCTI Ta JUHAMIYHE KOPUI'YBAHHS aHATITHYHUX POOO-
YHX MPOLECIB BiMOBIAHO 10 3MiH YMOB, HaBiTh 3a BUCOKOI BapiaTUBHOCTI ab0 HemependadyyBaHOTO HABAHTAXKEHHs. ApPXITEKTypa
MICTUTh aBTOMATHYHY [CKOMIIO3HIIIIO 3aBIaHb, aallTUBHE BUPIBHIOBAHHS MaM’siTi, 30ePeIKEHHsI KOHTEKCTY, HAIHHEe BUKIUKAHHS
IHCTPYMEHTIB Ta FHYYKY MapIIPyTU3aLilo, [ ATPUMYIOUH riOpuIHe BUKOHAHHS Ha edge-MpUCTPOsX, JOKATbHUX KIacTepax i xmap-
HUX 1HQPACTPYKTYpaxX 3 BUCOKOIO CTaOUIBHICTIO pOOOTH. Y JOCIIMKEHHI MPOBEIeHO OliHIOBaHHs mpoTokoixy MCP 3a momomororo
CUMYJISILIIA (pelepaTUBHOTO HABYAHHSI, SKCIEPHUMEHTIB Y PO3MOALICHIX POOOUYHX MPOIlecax Ta MOPiBHSUIBHUX OCHYMApPKIB, IO MMOKa-
310 CcTabibHI MOKPAIIEHHS JTaTEHTHOCTI 1H()EpeHCY, MPOMYCKHOI 3[aTHOCTI, aJANTHBHOCTI MOJITHK, KOHTEKCTHO 3aJI€)KHOTO
MPUIHATTS PIllIeHb 1 ePeKTUBHOCTI MidkareHTHOI criBnpani. OTprMaHi pe3ylibTaTi maATBepIKYy0Th 3aatHicTh MCP 3menmryBaru in-
TerpariifHi BUTPaTH, MiHIMi3yBaTH (parMeHTAIlI0 AaHKUX, cTa0lIi3yBaTH KaHAIM KOMYHIKAIlii, MMiBUIYBATH aHATITHYHY CTIHKICTh
Ta TOYHICTH Yy pi3HOpimHuX cepenoBuiiax. Omke, mporokon MCP dopmye maciuraboBaHy OCHOBY Juls TOOYIOBH HAIHUX aHAi-
TUYHHX TAUTUIAWHIB 1 3HAYHO PO3IIMPIOE MOXKIUBOCTI MPAKTUYHOTO 3aCTOCYBAHHS aBTOHOMHHX areHTIiB y KOPIIOPATUBHIN aBTOMATH-
3aIMii, pO3MOALICHIX CUCTEMaX IMiJTPUMKH PIllIeHb Ta KOTHITUBHUX 1HPPACTPYKTYypax HOBOTO TOKOJIIHHSL.

Ki1i040Bi cjioBa: aBTOHOMHI areHTH; piBeHb OPKECTPaLlil; CHHXPOHI3allisl aM'siTi; PO3MO/IiIeH] aHATITHYHI CUCTEMH; KOTHITHBHA
KOOPIMHAILLIsL.

HaykoBuit BicHMK HNTY YKpainu, 2025, 1. 35, N2 6 Scientific Bulletin of UNFU, 2025, vol. 35, no 6 59



