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Abstract

The escalating complexity and volume of cyber threats targeting enterprise endpoints necessitate robust, scalable, and
intelligent Endpoint Detection and Response (EDR) solutions. The study sets out to plan a strong EDR framework which
is designed to serve the entire organization and can be increased easily as the company grows. The framework
integrates lightweight agents, a hybrid detection engine combining rule-based and behavior-based models, and a
distributed microservices architecture. With these components, we get better detection and still use few resources and
respond fast. Researchers test the framework by setting up enterprise environments with up to 10,000 endpoints and
measure its detection, how rapidly changes are shared to every endpoint and its ability to resist attacks. The model
demonstrates effectiveness in decreasing alert clutter, allows for smoother handling of data as resources are added and
enhances reaction to threats in real time through analysis of the data. The proposed system also improves SOC
productivity by reducing false positives and automating policy orchestration. Since the solution functions best in cloud
environments, alternatives are presented for when it’s used in hybrid or confined situations. The work in this research
can be modified to fit modern security needs in large businesses and supports future broken forms of EDR protection
systems using Al

Keywords: Endpoint Detection and Response (EDR); Scalable cybersecurity architecture; Hybrid detection engine;
Microservices; Threat detection

1. Introduction

Because the digital world is more connected than ever, organizations now see higher numbers of more serious cyber
threats than ever before. Because they have large IT environments, businesses are highly exposed to threats like
phishing, ransomware and APTs from their endpoints. (1). EDR solutions are now recognized as essential in securing
enterprises, since they instantly monitor threats, analyze what’s happening and quickly respond to and block attacks at
individual endpoints.

Still, because today’s enterprise ecosystems are hybrid and have many remote staffers and devices accessing them from
around the world, making sure all EDRs cover every endpoint becomes a tough job. Many companies discover that all
parts of the EDR process are not suitably deployed, mainly because of variant configurations, problems with legacy
integration, bandwidth limitations and too much for administrators to manage. As a consequence, there are still gaps in
how endpoints are watched, meaning systems can still be attacked through these weaknesses.[2].

A new approach for full endpoint visibility, accurate responses and coordination with existing security resources across
enterprise systems is presented in this research. The framework under development stresses the benefits of modularity,
cloud compatibility, automated policy management and flexible scaling to support the needs of all types of enterprises.
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The reason this system is valuable is that it supports security teams in managing threats across a large numbers of
endpoints, makes sure their performance stays and their budget is within bounds and complies with requirements.

2. Literature Review

Over the past few years, Endpoint Detection and Response (EDR) has become more important as companies face new
and fast evolving threats. Even though traditional antivirus remains used, it has demonstrated that it fails to tackle zero-
day exploits, attacks that travel through a system and malware running from system memory.[4] As a result, companies
are turning to EDR which will watch threats, search for suspicious activity and act on it automatically at the endpoint
level. Plenty of commercial and free EDR solutions have sprung up recently. Examples are CrowdStrike Falcon, Microsoft
Defender for Endpoint and SentinelOne which vary in integration, scaling ability and analytical features.

Much of the literature calls for making endpoint security a main pillar of defending businesses. Many researchers have
found that often, endpoints weaken an organization’s cybersecurity since users handle them poorly, configurations are
not always correct and oversight is missed. While detection tools and Al are getting better, large openings in threat
review remain a serious problem. The research also shows that it can be hard to use EDR widely in large systems.[5]
With more endpoints and a greater variety of them from regular computers to mobiles, virtual machines and cloud
services organizations usually find that their deployment is divided, meaning some areas or systems still have weak
protection.

Researchers have often reported that uniting comprehensive threat detection and defending the security estate is
difficult without burdening resources or staff. A variety of frameworks suggest using a single, unified console and
automating things by means of policies to help enterprises manage these issues.[6] Yet, merging new and old network
structures can be challenging and in hybrid environments, the issue of too little network capacity becomes a problem.
Moreover, deployments often have no mechanism for getting feedback, so they can’t easily adjust to new challenges
facing them.

Although much research exists on enterprise defense tools and policies, not many studies combine modularity,
scalability and consistent policies in a single framework. Mobile development encompasses many steps, yet current
literature is missing approaches that streamline issues throughout deployment and work for any enterprise. With this
research, we seek to address that shortfall through a hands-on design that makes EDR protection viable on all enterprise
devices.

To give more context to what's out there, the next table shows how main EDR vendors differ in scalability, the effort
needed to deploy their systems, how well they can be integrated and how their policies are managed.

Table 1 Comparative Analysis of Leading EDR Solutions

Feature CrowdsStrike Falcon | Microsoft Defender | SentinelOne | OpenEDR
Cloud-Native Architecture Yes Yes Yes Partial
Integration with SIEM/SOAR | Full Full Full Limited
Scalability High High High Medium
Deployment Complexity Low Medium Medium High
Legacy System Support Medium High Medium Low
Automated Policy Enforcement | Yes Yes Yes No

This analysis found that EDR tools today include excellent features, but none have a system tailored to complex
enterprise setups that can be deployed all at once. Because of this gap, we need a planned method to address all types
of EDR a task the subsequent sections of the paper work on.

3. Methodology

The method described in this work is built to help deploy EDR systems successfully throughout large and multi-layer
company networks. The framework has been established using best practices found in existing publications, concepts
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from industry and real architecture issues. Its basis lies on four major supports: designing architecture, automated
deployment, links to current systems and policy-based governance.

It all starts with part of the architecture that breaks up EDR components by their role: the agent layer, management
layer, integration layer and analytics layer. EDR agents are lightweight solutions built on every endpoint, including those
of servers, smart devices, virtual machines and instances run in the cloud. Once connected, these agents can operate
alone and merge their findings with the major server once back online. [7] The management part of the solution gives a
single view, distributes policies and handles alerts, typically by being hosted in the cloud for best expansion. With this
layer, integration between SIEM, SOAR and threat intelligence tools allows threats to be correlated quickly by
automation. At the final level, analytics looks after detection rules, typical behavior patterns and algorithms that
increase detection precision.

Infrastructure-as-code (IaC) and tools such as Ansible, Terraform and PowerShell DSC are used by the framework to
support quickly and easily managing sets of deployments. Through these tools, agents can be fast-tracked, secure
communication routes made and policy standards applied the same way everywhere. [8] Because of this, manual
handling is cut down, leading to better and more consistent management when assets are in the cloud, owned on-
premises or worked from a remote location.

The framework relies heavily on adaptive scaling, realized when EDR components at the backend are containerized as
microservices. With Kubernetes and other technologies, you can make sure the management and paralytics layers can
handle more work automatically which ensures the system is always up and ready to use. Such designs work well for
thousands of endpoints without affecting their efficiency. [9]
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Figure 1 Scalable EDR Deployment Framework Architecture

Using AD and 1AM tools allows MDM to keep rules in line with what types of users and devices exist. As an example,
privileged devices face more often and more detailed monitoring, as well as quick responses. As threats keep appearing,
REST APIs help ensure policies are updated all the time, making policy enforcement more various and flexible.

Another part of the approach looks at feedback loops and performance metrics. The system uses various KPIs, including
detection accuracy, response time, agent availability and the false positive rate, to ensure its ongoing usefulness. Models
for detection, reaction plans and overall coverage are refined by the use of the data collected.

Framework Design and the Components it Consists Of:
This new model of EDR was built to increase flexibility, make scalability easy and integrate smoothly into current
enterprise platforms. The five major pr Hauptgesichtpunkte sind Endpoint Agenten, Management Console, Integrations

bus, Analytics Engine, und Policy Governance Layer. All of these things are needed to keep the organization seen, follow
the rules and meet security challenges quickly.
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Figure 2 System-wide Deployment Model

Endpoint Agents are the first to defend your IT environment, being set up on desktops, laptops, servers, mobile devices
and IoT items. Such lightweight agents are meant to track and store for review system calls, running processes, changes
in files and how the network is used. Agents are designed so that they run the same on Windows, Linux, macOS and
anything containerized. [10] They run in either online or offline settings, so they always capture data and hold onto it
until a connection is available.

At its center, the framework uses Central Management Console as the tool that directs administration activities. The
console brings together all these tasks by giving you a single dashboard that lets you see machine health, see threats
involved, define policies and take initial action on incidents. Both the microservices and data platform are cloud-native,
allowing the platform to segment users, control traffic flow and stay available. When alerts are generated through
correlation, engineering rules determine which team will get them.

The Integration Bus links the EDR system to SIEM tools, SOAR platforms and threat intelligence providers as a middle
operation. Fast and secure data sharing is possible here due to the help of RESTful APIs, webhooks and event-driven
message queues like Kafka or RabbitMQ. It enables the EDR framework to join other security systems, so that insights
shared from each system improve our knowledge about threats.

The framework’s intelligence layer is kept up by the Analytics Engine. It combines unique-signature inspection,
modeling of events and automated learning techniques to classify activities, identify unusual events and predict
developing threats. By consistently processing telemetry information, the engine lowers the rate of incorrect alerts and
increases how reliable it is for detection.[11] Analytics has been built as a containerized service that expands
horizontally and is released using Kubernetes for elasticity under high demand.

In the end, the Policy Governance Layer changes security requirements into usable and effective rules. It is built to
connect with Access Control Server (ACS), Active Directory (AD) or LDAP and control what users or roles can access.
Versions of policies are organized in one location and can be deployed by API or in infrastructure as code scripts. They
outline how the agent is expected to act, what sets off alarms, how highest priority alerts get routed and scheduling of
updates. Because of this organizational structure, policies are quickly updated to address ongoing threats while still
meeting all requirements.

3.1. Implementation Strategy and Deployment Workflow

Taking steps slowly and in a formed manner helps avoid disrupting the enterprise, ensures all parts of EDR are included
and smoothly links everything together with existing systems. The research strategy in this work separates deployment
into five stages: assessment, preparation, agent rollout, orchestration and optimization [12] All steps have been created
to tackle the technology and operations components of EDR implementation.

To start, experts perform a full inventory of all the company’s devices and group them by their level of importance,
software, role of users and the network sector each is in. We use the baseline analysis to identify the right settings for
EDR agents and to determine the right level of policy enforcement. It is important also to find ways where all
cybersecurity solutions including SIEM, firewalls and CASB fit together at this point to ensure the network is secure.
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While preparing, the environment for EDR is put into place. Agents should communicate over secure paths using TLS
authentication, managers should role-based access setting up and firewalls or NAC policies need to be allowed to
transmit essential data. Horsepower for the EDR engine in the backend is provided by horizontal scaling of services,
with platforms like Kubernetes available to manage them.

Agent rollout involves letting endpoint agents be deployed automatically on the top priority devices in the network.
Using Ansible, Puppet or SCCM, administrators can keep infrastructure the same and avoid mistakes caused by hand-
configuration. At the time of installation, metadata about department, device and user is added to agents, so policies can
be applied automatically. At the start, data from the endpoints is matched with the console to form a base for recognizing
their actions.

At the orchestration stage, the central console causes real-time scans, emails or text messages and actions to occur
worldwide on your network. Any discovered issues by IPS are quickly sent for action or implementation, thanks to its
links to SIEM and SOAR. Telemetry data is constantly processed and detection rules, behavioral models and machine
learning classifiers reflect that analysis. Now, the system behaves as a dynamic framework always improving its
defenses.

In this phase, we pay attention to analysis of performance and areas where coverage is weak. To enhance the analytics
as well as the policy rules, detection accuracy, false cases, reaction speed and worker availability are examined. SOC
analyst reviews help us update thresholds for alerts, improve the simplicity of the dashboard and tweak how
orchestration works. As a result, the enterprise’s EDR system can keep pace with any updates or threats as the company
changes.[13]

Table 2 Key Considerations for EDR Deployment and Scaling

Aspect Consideration

Phased Deployment Start with pilot groups, expand coverage incrementally

Resource Management | Tiered agent deployment, dynamic load balancing

Legacy System Support | Place agents behind network segmentation; reduce full EDR capability when necessary

3.2. Security Analytics and the Process For Responding To Threats

An important trait of every EDR system is that it can spot, examine and tackle emerging security problems while they
are occurring. In the proposed system, an analytics engine brings together rules, patterns and machine learning to
recognize threats no matter if they have been seen before.

At the center of analytics, data is gathered from endpoint agents by the handling telemetry module. It covers recordings
of procedure execution, how files and keys in the registry are accessed, changes to the filesystem and all I/0 occurring
on the network. To help it process information efficiently, the system uses a tight filter to disregard frequently seen and
safe events and maintain attention on key information.

Table 3 Components of Security Analytics and Response Mechanism

Component Function

Telemetry Ingestion Collects endpoint activity logs and system events
Rule-Based Detection Matches known attack signatures using predefined rules
Behavioral Analytics Profiles normal activity to flag anomalies

Machine Learning Models | Detects zero-day and unknown threats through unsupervised learning

Response Playbooks Automates threat containment actions (e.g., isolation, rollback)

Threat Scoring System Prioritizes alerts based on severity, impact, and correlation

Feedback Integration Improves detection models with analyst-reviewed outcomes
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We rely on hybrid techniques for accurate detection of the objects. Matching behavior of potential attacks with known
attack patterns and signatures is done with the help of rule-based engines using MITRE ATT&CK among other
frameworks. At the same time, behavior sequences are investigated by unsupervised models to identify anything out of
the usual routine.[14] Using both approaches strengthens the system’s skill at catching those fileless and zero-day
attacks that typically slip by regular security measures.

As soon as a risk is found, the response system is activated. It is possible for the system to carry out prearranged tasks
such as blocking a possible threat, removing hazardous programs, reversing changes made to the machines or advising
SOC analysts for investigation. Responding to such events follows response plans that set up approval steps, paths for
teams and how SOAR tools can automate tasks.

The framework enables security teams to rate threats which helps limit alert fatigue and contribute to better efficiency
in operational tasks. Every alert is given a severity score by analyzing threat level, possible results and how confident
we are in the finding. To give security teams an overall picture, correlated events across several endpoints are associated
into one incident.

Moreover, the conclusions from investigations by analysts improve and train the analytics engine’s classifiers. By
continuously learning, the system makes better detections and matches the dangers the organization usually faces.

Proactive monitoring, fast bitcontainerization and continuous advances guarantee the EDR framework can handle
threats and respond to new ones.

4, Results

An environment was built to model the context of a typical organization, including the spread of endpoints, types of
used operating systems and typical patterns of use among medium to large companies. To evaluate Hypothetical
Explorer, key factors were checked, like detection accuracy, speed of response, needed resources and running efficiently
on many devices.

Accuracy was evaluated by testing against attacks that involve things such as ransomware, lateral move techniques,
acquiring higher privileges and fileless malware that uses scripts. According to its reports, the system managed to detect
96.3% of threats, with the best results when spotting anomalies learned from previous data on endpoint activity. The
new hybrid detection process resulted in much fewer wrong alerts compared to systems that rely only on rules.

Once the system saw and identified an issue, automated playbooks put in place endpoint containment, stopped the
process and undid changes within 3.2 seconds on average. The timer setup problem was solved by having the rules and
engine software located on edge nodes, so movement wasn’t needed from the central system. If manual action needed
to be taken, SOC analysts could escalate alerts within 90 seconds because of good prioritization.

Endpoints did not exceed the usual acceptable resource utilization. Total CPU utilization for peak data collection went
up to 7% and EDR took only 120MB of memory. The results suggested that the agent works well across all kinds of
endpoints, even on older equipment found in several companies.

Results were obtained by testing how the deployment works when endpoint coverage is scaled from 100 to 10,000
devices in a hybrid cloud environment. I saw that as more users added to the system, system responsiveness and
analytic throughput scaled linearly thanks to our containerized backend services and message buffers. The system
maintained small delays in policy propagation, even when it was operating at its highest point.

Thanks to the grouping of related alerts with incident correlation logic in the framework, SOC analysts found that alert
volume was reduced by 35% during the simulated trials. As a result, both the triaging process and the overall

responsibilities of the operators were much improved.

Itappears that the proposed EDR framework delivers excellent results, is fast and uses fewer resources in any enterprise
setup, ensuring there is minimal interference and a strong level of security.
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Table 4 Performance Metrics of the Proposed EDR Framework

Evaluation Metric

Observed Value

Notes

Detection Accuracy

96.3%

High performance across both signature & anomaly

Average Response Latency

3.2 seconds

Automated containment and rollback

CPU Overhead

<7%

During peak telemetry collection

Memory Usage

<120MB

Optimized for older hardware

Policy Propagation Delay

< 15 seconds

Stable even under scaled deployment

Alert Volume Reduction

35%

Post incident correlation and triage optimization

Results were obtained by testing how the deployment works when endpoint coverage is scaled from 100 to 10,000
devices in a hybrid cloud environment. I saw that as more users added to the system, system responsiveness and
analytic throughput scaled linearly thanks to our containerized backend services and message buffers. The system
maintained small delays in policy propagation, even when it was operating at its highest point.
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Figure 3 System Performance Under Scaled Endpoint Load

Thanks to the grouping of related alerts with incident correlation logic in the framework, SOC analysts found that alert
volume was reduced by 35% during the simulated trials. As a result, both the triaging process and the overall
responsibilities of the operators were much improved.

Itappears that the proposed EDR framework delivers excellent results, is fast and uses fewer resources in any enterprise
setup, ensuring there is minimal interference and a strong level of security.

5. Discussion

It is clear from the results that our framework for deploying EDR provides a flexible, adaptable and strong solution to
challenges in endpoint security. Yet, apart from the measurable results, its architecture and running behavior in the real
environment also play a key role.

Using a hybrid approach by combining rules and behaviors, detection of threats is shown to be very strong. Thanks to
this hybrid detection approach, things such as false positives are greatly reduced in EDR, resolving a long-term concern.
The combination of machine learning and expert threat information made it possible for the system to notice advanced
threats that signatures from traditional systems might miss.
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Its orchestration model, divided across multiple points, helps keep response times short and the framework reliable.
The system continues to run smoothly and efficiently by spreading out important choices among the edge servers
instead of simply trusting one system in control. Large businesses with huge numbers of endpoints and a wide range of
networks need this crucial architectural resilience.

From the user’s perspective, the system helps SOC staff by linking events and assigning importance to each incident. It
not only speeds up the process of triaging events, but also helps to prevent analyst fatigue—a problem faced in
cybersecurity today. According to the simulation, dropping alert volume by 35% is an important effect of this design.

Even so, the framework has areas where it falls short. Integrating machine learning-based anomaly detection into
settings with constant change calls for careful calibration when starting up and setting the detection models. Even so,
because of how the agent operates, existing systems might experience minor delays when sending lots of data as
telemetry.

Automation means that our microservices and message architecture can handle increased workload as the system grow.
Still, for these features to work properly, the infrastructure and network need to be strong which isn’t always found in
enterprise settings such as regulated or air-gapped systems.

Overall, the EDR framework can solve many urgent problems in deploying Al at massive scale, but it needs to be well-
aligned with system infrastructure, regulatory requirements and ongoing control of Al models. Future efforts should
concentrate on better sharing of threat intelligence across platforms and using decentralized learning to update
detection without taking telemetry data to one place.

Table 5 Summary of Strengths and Limitations of the Proposed EDR Framework

Aspect Strength Limitation

Detection Accuracy |Hybrid model achieves 96.3% accuracy across

varied threats

Requires tuning and dataset adaptation for new
enterprise environments

Resource Efficiency

Lightweight agent uses <7% CPU and <120MB
memory

Legacy systems may still experience slight
overhead under telemetry spikes

Scalability

Microservice architecture supports linear
scaling up to 10,000+ endpoints

Assumes cloud-native infrastructure and

sufficient bandwidth

Response Latency

Median response latency of 3.2s under load

Slight degradation in high-latency networks

Alert Management

35% reduction in alert volume, improving
SOC productivity

Dependent on correct rule configuration and
training data

Architectural Distributed decision-making reduces single | Complex initial setup and orchestration
Resilience points of failure required

Integration and | Supports APIs for threat intel feeds and SIEM | Third-party tool compatibility may require
Extensibility platforms additional customization

Even so, the framework has areas where it falls short. Integrating machine learning-based anomaly detection into
settings with constant change calls for careful calibration when starting up and setting the detection models. Even so,
because of how the agent operates, existing systems might experience minor delays when sending lots of data as
telemetry.

Automation means that our microservices and message architecture can handle increased workload as the system grow.
Still, for these features to work properly, the infrastructure and network need to be strong which isn’t always found in
enterprise settings such as regulated or air-gapped systems.

Overall, the EDR framework can solve many urgent problems in deploying Al at massive scale, but it needs to be well-
aligned with system infrastructure, regulatory requirements and ongoing control of Al models. Future efforts should
concentrate on better sharing of threat intelligence across platforms and using decentralized learning to update
detection without taking telemetry data to one place
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6. Conclusion

The research explains a systematic approach that covers all Endpoint Detection and Response (EDR) needs for any size
enterprise. Lightweight agents, a combination of detection technologies, flexible microservices and distributed
coordination combine to make the solution both flexible and powerful. Evaluations prove that the framework performs
very well by always maintaining a high accuracy in spotting attacks, keeping resource demands low and still responding
quickly when the system is very busy.

A mix of techniques and directly adding intelligence to endpoints and edges helps the system catch threats quickly and
accurately. Also, having less traffic to watch and updated policies on demand allows SOC teams to work more smoothly
and quickly.

The system is carefully made to operate smoothly for any enterprise and avoid any issues when expanding. At the same
time, good deployment depends on choosing the right detection model and on having the proper infrastructure for
traditional systems. Although setting up systems in the past was complex and older ones did not have enough resources,
these problems do not compare with the good things SAS offers.

Researchers should add federated learning, make cloud platforms more compatible and build threat hunting capabilities
with Al into upcoming directions. Because cyber-attacks are becoming more advanced, using intelligent and flexible
EDR solutions across the enterprise will become key to a fortified security position
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