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Abstract - Today's cybersecurity environment has grown beyond the capabilities of conventional,
disjointed security systems to adequately protect it. This article explores the technological development of
security operations, from the current tool-centric, siloed state of security operations to integrated,
intelligence-driven platforms that unify network and security operations into a holistic, adaptive system.
The study explores the architectural concepts behind security data lakes, behavior-based detection
engines, real-time correlation engines and artificial intelligence (Al) powered investigation workflows. It
also examines the role of Security Orchestration, Automation and Response (SOAR) systems, Extended
Detection and Response (XDR) systems and generative Al in accelerating investigation times and removing
the human bottlenecks found in most security operations centers today. This article offers a maturity model
that can be used to gauge an organisation’'s current state of security and advance towards fully integrated
and automated security operations, without the need to hire more staff or replace existing tools. The article
leverages published research, industry standards, and technical frameworks to demonstrate that the key
to making an organization cyber resilient is not to buy more tools, but to build better architectures that can
make existing intelligence usable at machine speed.
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1. INTRODUCTION

1.1 The Collapsing Gap Between Knowing and Acting

The current state of security operations is akin to an information feedback loop that is out of control.
Dangerous threats come at a pace faster than humans can respond. Data is collected from siloed systems.
Security analysts spend most of their time triaging low-priority threats, while high-priority threats go
unnoticed. The average dwell time (time between the initial compromise and detection) of advanced
persistent threats was still greater than 200 days for some sectors in 2022, according to the IBM Cost of a
Data Breach Report. That's not an individual failure but an architectural failure. It is not a problem of people.
Companies can't staff their way out of an architectural problem. Even security operations centers (SOC)
with hundreds of analysts cannot get past the limitations of tools that generate thousands of daily alarms
from systems that don't communicate data, context or correlation rules.

For the last 30 years, organizations have built their security operations in silos. Network Operations Centers
(NOCs) tracked availability, connectivity and performance. Security Operations Centers (SOCs) pursued
threats and responded to incidents. They evolved different tools, different measurements and different
operational success criteria. The cost of that division is now measured in security breaches rather than risk
analysis.
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THE COLLAPSING GAP BETWEEN KNOWING AND ACTING: MODERNIZING SECURITY OPERATIONS
(ALIGNING WITH NIST CSF & MITRE ATT&CK)
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Fig -1: The Collapsing GAP between Knowing and Acting Modernizing Security Operations

This article offers a detailed analysis of the technology that spans the divide. It describes unified security
data lakes, automated detection systems, user and entity behavior analytics, Al-driven investigation
platforms, Security Orchestration, Automation and Response (SOAR) and Extended Detection and
Response (XDR), examining both the technical implementation of each capability and the steps an
enterprise can take to build them. The examination is based on peer-reviewed research, published industry
reports and widely adopted frameworks such as MITRE ATT&CK and the National Institute of Standards and
Technology (NIST) Cybersecurity Framework to provide sound advice. The purpose is simple to provide
security architects, security operations leaders and business decision-makers with an accurate, unbiased
understanding of how today's security operations infrastructure functions, what makes good
implementations good, and how to progress towards capability improvement in a step-by-step,
measurable manner.

2. OBJECTIVES

There are four goals of this article. First, it seeks to provide an account of the architectural flaws of
conventional, siloed security operations and why such flaws cannot be overcome through the addition of
more tools. Second, it aims to explain the technical principles of unified security operations designs, such
as the design and construction of security data lakes, real-time correlation engines, and the architecture
of SOAR platforms. Third, it seeks to assess the true operational value of artificial intelligence in security
operations, highlighting areas where artificial intelligence is useful today, and where it is premature. Fourth,
it offers a maturity model that can be used by organizations of different security operations capability to
plan and track progress toward intelligence-driven, automated security operations.
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3. THE ARCHITECTURE PROBLEM WHY SILOED SECURITY INFRASTRUCTURE FAILS

3.1 The Data Fragmentation Crisis

Contemporary IT environments generate telemetry of an astounding count of origins. Security-relevant
events occur all the time in firewalls, endpoint agents, and cloud workload logs, identity and access
management platforms, 10T devices, SD-WAN infrastructure, and application servers. This telemetry is
dumped into different tools in most organizations, and operated by different teams, and analyzed using
different interfaces.

The Architecture Problem: Why Siloed Secu r|ty Infrastructure Fails
The Data Fragmentatlon Crisis The Human Bandwidth Ceiling The NOC-SOC Divide
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Fig -2: The Architecture Problem Why Siloed Security Infrastructure Fails

Inconvenience is not the only result of this fragmentation. It establishes true detection blind areas. An alert
of a connection to a suspicious external IP by a firewall can be directly related to a failed attempt at
privileged authentication recorded in an identity platform and abnormal outbound data transfers recorded
by a network monitoring tool. Each event, separately, may not be above the noise level of its own system.
Collectively, they outline a credential compromise underway. However, when the systems that store every
bit of information fail to talk to each other, no human and no computerized engine will ever put that picture
together in time to take action on it. And this is exactly the way in which numerous maijor violations occur.
The signs of compromise were in the data. The architecture just could not allow anyone to relate them. In
its 2023 Data Breach Investigations Report, Verizon discovered that, in a significant percentage of breaches,
attackers had been present in target environments weeks prior to being noticed and that often left traces
in log data that was merely never correlated.

3.2 The Human Bandwidth Ceiling

A study released by Enterprise Strategy Group and reproduced in various surveys in the industry
continuously records that the number of security warnings is more than the human analysts have the
capacity to probe into them. This discrepancy has resulted in a phenomenon that is well documented as
alert fatigue. When analysts are not able to investigate all alerts realistically, they make triage decisions on
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an intuitive basis as opposed to data-driven. Low-severity alert overload, which has high volume,
overshadows low-volume, high-severity signals, which are more difficult to observe, but very significant.
The company reaction to the situation of employing additional analysts is reasonable but organizationally
inadequate. The amount of security alerts is not directly proportional to the number of people present it is
proportional to the complexity and size of the area being monitored, which is only increasing. Increasing to
fifteen analysts will not serve satisfactorily a team of ten analysts overwhelmed by the volume of alerts. The
design that produces such alerts and directs them to be investigated needs to be redesigned. The
architectural solution is methodical automation not automation that eliminates the aspect of analyst
judgment out of the equation, but automation that guarantees that the aspect of analyst judgment is
brought into play at those points where it can only be of irreplaceable value, i.e. in decisions that demand
contextual reasoning, ethical judgment, or organizational expertise that a machine lacks.

3.3 The NOC-SOC Divide

The approaches of network operations professionals and security operations professionals to the same
infrastructure are fundamentally different. A network engineer troubleshooting latency problems is
analyzing the packet flows, routing tables and bandwidth usage. An authentication sequence, process
execution chain, and volume of data transfer are the elements that a security analyst seeking lateral
movement is investigating. The issue is that most of the most crucial attacks of the modern era specifically
take advantage of the gap between these two standpoints. Increase in outbound traffic may be a sign of
a broken component in the network. It could also be a sign of active data exfiltration. Without a combination
of architecture between NOC and SOC tooling, the context of the other team is not visible. The traffic
anomaly is solved by the network engineer who provisioning more bandwidth. The security analyst does
not experience what happens as it was an event ticket which was closed. The attacker gets out of the
environment without being noticed. The merging of NOC and SOC is not a choice of the organization. It is a
technical mandate in any setting where advanced adversaries are at play and it commences with the
architecture that governs the manner in which operational data is gathered, stored, correlated, and
presented.

4. THE UNIFIED SECURITY DATA LAKE FOUNDATION OF MODERN OPERATIONS

4.1 Technical Architecture of a Security Data Lake

A security data lake is a centralized store that is meant to absorb, normalize, and enrich telemetry in an
entire technology base of an organization. The difference between a traditional SIEM system and the new
system is not semantic, but rather substantive. Traditional SIEM architectures were built on compliance use
cases to gather logs, store them during regulatory retention times and to produce pre-defined reports.
They did not support the type of high-volume/low-latency, cross-source correlation needed to detect
threats in modern times.

By comparison, a security data lake is designed, which meets three fundamental technical properties
normalization, enrichment, and accessibility. Normalization transforms the very heterogeneous forms of
raw security telemetry, network device syslog, JSON cloud API telemetry, binary endpoint agent telemetry,
into a common event schema that enables events of completely different types to be compared,
correlated and queried through the same interface. Enrichment adds contextual metadata on raw events.
A connection log record obtains the threat intelligence classification of the destination IP, geolocation
information, asset ownership logs of the source device and a behavioral baseline score of how abnormal
this activity is compared to previous activity. Accessibility implies that the detection engines, automated
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playbooks, investigation workflows, as well as human analysts can query the same enriched dataset with
low latency and the insights obtained by the data are always available to all the systems and individuals
who need it.

THE UNIFIED SECURITY DATA LAKE: FOUNDATION OF MODERN OPERATIONS
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Fig -3: The Unified Security Data Lake Foundation of Modern Operations

4.2 Ingestion Engineering and Normalization

Most data lake implementations have been successful or failed at the normalization pipeline. To create a
strong normalization layer, one needs to consider not only the familiar log formats of the established
infrastructure elements, but also the non-regular, inconsistently structured and sometimes malformed
output of the cloud services, legacy systems, and third-party integrations. The key to successful
normalization is to use deterministic rule-based parsing when the input is in a well-defined format of logs,
and machine learning-assisted parsing when the input generates variable or unpredictable output. The
desired output will be an event schema that is both sufficient to facilitate forensic re-creation of incidents
and yet is structured sufficiently to allow automated detection logic to be applied with reliability. The
Common Information Model (CIM) created by MITRE and the Elastic Common Schema (ECS) are published
normalization models that can be used by organizations to form the foundation of their own unified
schema.

4.3 Enrichment as Analytical Force Multiplication

The raw telemetry stored within a security data lake does not have much value in terms of analytics.
Transformation of raw events to analytically useful signals is done at the enrichment layer. Take a simple
case a log entry shows that a workstation has made an outbound TCP connection to an IP address on port
443. Very little actionable information is contained in that crude event. The same event, supplemented with
the indication that the destination IP is reported in a number of threat intelligence feeds as an active
command-and-control server, that the source workstation belongs to a finance department analyst with

o

© 2026, PUIRP | PU Publications | DOI:10.5281/zenodo.19986642 Page | 71




S

_ - ’\'}?; Partners Universal Innovative Research Publication (PUIRP)

§
3

Volume: 04 Issue: 02 | March-April 2026 | ISSN: 3048-586X | www.puirp.com

no legitimate purpose to connect to that address, and that this connection has not been made in the last
90 days of baseline data, turns into a high-priority alert that needs to be investigated immediately.
Enrichment pipelines need to be invested in data quality and maintenance discipline. Feeds of threat
intelligence should be up-to-date. The records of the classification of assets need to be kept with the
changing environment. Periodically, behavioral baselines need to be re-calculated in order to represent
the valid changes in working patterns. It is a significant but warranted continuing operational investment
that will pay off in the compounding analytical value it will provide in all the detection and investigation
workflows the platform will support.

4.4 Distributed Architecture for Enterprise-Scale Deployments

Organizations that run in various geographic locations, cloud environments or separate areas of operation
are further complicated in planning a single data lake architecture. The answer is federated ingestion and
centralized correlation local collection and normalization nodes consume edge telemetry, minimizing the
bandwidth needed to synchronize at the central node, and enriched and normalized events are
synchronized to a central correlation layer, which keeps a single operational image. Technical
requirements of this architecture are schema consistency across all distributed nodes, API-based
synchronization schemes that are more effective than raw data replication and conflict resolution logic to
deal with out of sequence events as a result of network latency. Companies that have successfully
deployed this architecture are able to achieve truly centralized threat detection of geographically
distributed environments without the bandwidth-prohibitive cost of centralizing raw log data.

5. THREAT DETECTION FROM SIGNATURE MATCHING TO BEHAVIORAL INTELLIGENCE

5.1 The Limits of Signature-Based Detection

The early security monitoring systems were first-generation they used signature matching a malware hash
in the signature database, a known exploit string, a list of malicious IP addresses would raise an alarm on
finding it. This method is computationally efficient, and results are reliable when dealing with known threats.
Its inherent weakness is categorical It cannot sense anything that it has not been specifically programmed
to sense. The existence of this limitation has been well known to modern adversaries more than a decade
ago and they have structured their operations practices around this limitation. Polymorphic code is used
by malware to regularly update its own code to bypass hash-based detection. The techniques of a living-
off-the-land attack leverage valid operating system tools, like PowerShell, WMI, and scheduled tasks, with
malicious intent to create activity that is indistinguishable to standard administrative activity at the
signature level. In APTs, reconnaissance and lateral movement is performed over a span of weeks, namely
to prevent volume-based threshold rules.

5.2 Behavioral Detection and Statistical Baselining

Behavioral detection tries to overcome these shortcomings by creating statistical models of normal activity
and indicating significant deviations of these models. Instead of determining whether an event conforms
to a known bad pattern, behavioral detection determines whether the event is in line with the known
behavioral profile of the entity that produced it.

The installation must be well-calibrated. Too sensitive setting of detection thresholds yields huge volumes
of false positives. They should not be set too loose because they would allow a lot of anomalies to go
unnoticed. The contextuality of the calibration is that what is considered anomalous behaviors of a typical
user work station may be perfectly normal in a developer computer or a backup server. Successful
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behavioral detection systems divide entities into peer groups in terms of role, function and history of activity
and compare anomalies with the correct peer group model as opposed to a single, organization-wide
model.

THREAT DETECTION: FROM SIGNATURE MATCHING TO BEHAVIORAL INTELLIGENCE
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Fig -4: Threat Detection From Signature Matching To Behavioral Intelligence

User and Entity Behavior Analytics (UEBA) is the formalization of this method, which uses machine learning
models on past behavior data to create dynamic baselines and score changes by severity and statistical
significance.

5.3 Real-Time Correlation Engines

Correlation engines lie on the layer above single detection rules and behavioral models, and relate events
between sources, time windows, and entity types to recognize multi-stage attack chains that could not be
detected by a single signal. An effective correlation engine should be technically efficient to meet the
challenging performance needs in the enterprise. It has to consume events as they come without any
backlog which would be a source of latency in detection paths. It should be able to keep stateful context
windows which last hours or days, as advanced attacks can be slow moving over a long period of time. It
has to be able to support complex multi-variable correlation logic, such as temporal sequencing, entity
relationship constraints and threshold conditions and has to dynamically update its active detection logic
with new rules deployed or threat intelligence updates received without having to take the system down.

The performance, flexibility and reliability needed to support this combination of performance, flexibility,
and reliability demand careful architectural decisions, such as event streaming architectures based on
high-throughput ingestion technologies like Apache Kafka, in-memory processing technologies such as
in-memory correlation logic, and distributed query engines technologies such as historical investigation
workloads.
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5.4 MITRE ATT&CK as a Detection Framework

The MITRE ATT&CK framework has emerged as the prevailing reference framework to arrange the
knowledge of adversary behavior and organize a detection coverage evaluation. The framework divides
adversary activity into tactics, or high-level attack goals like initial access, persistence, lateral movement,
or data exfiltration, and techniques, or concrete ways of attaining those goals. Every technique listing
contains variants of known techniques, related tools, and detection advice based on threat intelligence on
the ground.

ATT&CK offers two important advantages to detection engineering. To begin with, mapping the known rules
of detection to coverage of ATT&CK techniques will enable organizations to understand that their detection
posture has gaps, and which attack techniques they are likely to detect and which would go unnoticed.
Second, detection logic that structures detection around technique patterns, as opposed to specific
indicators, renders detection much more resilient, as technique patterns remain even as an adversary
switches their particular tools or infrastructure.

5.5 Automated Outbreak Detection and Dynamic Rule Management

The delay between the active appearance of a new threat and the time when an organization modifies its
detection logic to notice it has been one of the most tenacious operational vulnerabilities of security
operations. Within that window, the organization is literally unaware of active attacks with the new
technique or tool. This is solved by automated outbreak detection mechanisms, which keep continuous
ingest pipelines fed by external threat intelligence sources and automatically inject new detection logic
(including event handlers, correlation rules and indicator lists) into the running detection environment as
new threat intelligence is verified. This not only brings the detection gap to days down to minutes but also
cuts down the manual overhead of translating external threat intelligence into operational detection logic.

6. SOAR CLOSING THE DETECTION-TO-RESPONSE GAP

6.1 The Architectural Case for Automated Response

The value of the operational speed of threat detection is completely nullified in the event that the response
time afterwards takes hours of manual labor. Security Orchestration, Automation, and Response (SOAR)
technology handles this by applying response workflows as automated playbooks which will run a
sequence of actions when triggering conditions are satisfied. An example of a SOAR system has four main
elements a workflow engine that can execute a response sequence with conditional logic and can evaluate
it, a connector library that allows connecting to security tools and infrastructure through APIs, a playbook
authoring platform that enables security engineers to create and test response workflows, and a robust
audit logging system that logs all automated activities with full context to be used with compliance
reporting and forensic investigations. The real effect of successful implementation of SOAR is significant.
Activities that in the past would force an analyst to manually log-in to various systems, collect evidence,
formulate containment decisions and implement them one at a time can be done automatically within
seconds after a triggering alert has been received.

6.2 Playbook Design and Risk-Stratified Automation

The quality of the design of the individual playbooks defines the difference between the SOAR
implementation providing operational value and introducing new issues due to automated false positive
response. The purpose-built playbooks are designed to be applied to particular threat scenarios.

oo
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Suspected ransomware staging will have a playbook with various containment and investigation steps
compared to suspected credential stuffing, which will have a playbook with different steps.

SOAR: Closing the Detection-to-Response Gap

The Architectural Case for Automated Response
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Fig -5: SOAR: Closing the Detection to Response Gap

One of the most important design aspects is the level of full automation of response or human-in-the-loop
confirmation. The three factors that must be used to determine this threshold include the level of
confidence of the detection that triggered the proposed response, the reversibility of the proposed
response and the impact of the action proposed to be undertaken on the legitimate business processes.
One of the most effective containment strategies is to network isolate a potential compromised endpoint,
which can be very effective, but can disrupt business-critical processes when applied on a false positive. It
is more appropriate to human-confirmation workflow. Outbound connection blocking to a proven bad IP
address has low impact and can easily be undone and is suitable to full automation even at a lower
confidence level.

6.3 Cross-Platform Orchestration Architecture

Enterprise security environments typically have tools of various origins that are used in various functions. A
successful SOAR deployment will need to coordinate response activities within this heterogeneous
environment with a common connector architecture that hides the details of the API of each underlying
tool. The cross-platform orchestration reliability is contingent on the quality and up-to-dateness of
individual connectors. Through the evolution of underlying tools, whether by updating APIs, authentication
or data schema, connectors need to be kept alive to ensure functionality. SOAR implementation in
organizations must be planned as a continuous maintenance of the connector as part of the daily
operations and not a one-time implementation process. The concept of depth over breadth with
integration is applicable here integrations with the twelve tools that power most security operations should
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be reliable and well-maintained than superficial integrations with fifty tools that are intermittently
operational.

7. ARTIFICIAL INTELLIGENCE IN SECURITY OPERATIONS GENUINE VALUE AND REALISTIC LIMITS

7.1 Current Trends in Al Application to Security Operations

The large language model functionality that has become practically operational since 2022 has opened
up novel operational opportunities in security operations not available to previous generations of machine
learning technology. Recent trend data released by the 2024 SANS Security Operations Survey indicates
that the use of Al in security operations is gaining traction at a rapid pace with most of the respondent
organizations in the survey reporting that they have implemented or are in the process of piloting Al-based
capabilities in at least one aspect of their security operations workflow.

ARTIFICIAL INTELLIGENCE IN SECURITY OPERATIONS: GENUINE VALUE AND REALISTIC LIMITS
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Fig -6: Artificial Intelligence in Security Operations Genuine Value And Realistic Limits

Anomaly detection and behavioral analytics are the fields where Al models have been most actively used
so far and statistical models have proven to be more reliable than rule models. Security data query
interfaces based on natural language are rapidly being adopted because they have a direct effect on the
productivity of the analysts. Incident summarization and incident investigation timeline generation with the
help of Al are in the early stages but demonstrating promising outcomes of less investigation time on
typical incident types.

7.2 Natural Language Interfaces and Analyst Productivity

The traditional language to query security data is a query language designed specifically to query security
events, with a similar structure as SQL but with security event schema-specific syntax. Effective security
queries cannot be written without both schema knowledge and query language skills, which are both time-
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consuming to master and result in a non-negligible difference in capability between the junior and senior
analysts. Natural language interfaces based on large language models enable the analyst to query in plain
language and get query results in the correct format without having to write query syntax directly. The
system is able to take an authentication events request made on privileged accounts outside the normal
business hours within the last 72 hours that were preceded by a password reset in the last 24 hours and
translate that request into a technically correct query to the underlying data schema. There are
productivity implications to this capability. It saves time that the senior analysts would have spent
constructing queries and they are able to spend more time on analysis and judgment. It enhances the
investigative power of the junior analysts so that they can carry out investigations which might have been
done by senior experts. The overall impact is that a particular security team will be able to handle more of
the investigations at a steady level of quality.

7.3 Al-Assisted Incident Investigation and Timeline Generation

One of the most time-intensive tasks of security operations is assembling an incident timeline based on
correlated events. In the case of a complex incident, the process includes collecting related incidents using
various data sources, determining what entities were impacted and in what ways, chronologically
sequencing the activities, mapping the observed behaviors to the known adversary techniques, evaluating
the extent of possible compromise, and integrating all of this into a consistent narrative of investigation.
This process can also consume four to eight hours routinely to a skilled analyst working manually.

The mechanical aspects of this process are automated with the help of Al-assisted investigation. With a
triggering alert, an Al investigation system can automatically collect related events across the unified data
lake, determine the entities involved and their relationships, map observed activity to ATT&CK technique
categories, determine the scope based on network topology and privilege relationships, and create a
structured narrative summary. Minutes later, the human analyst is presented with a fully structured image
of the incident and can divert his or her attention to the validation of the Al analysis and make decisions on
containment and apply organizational contextual knowledge that the automated system is not capable of
doing.

An economic validation study of integrated security operations implementations conducted by the
Enterprise Strategy Group determined that organizations with Al-assisted investigation workflows led to a
decrease in the mean investigation and remediation time of 18.5 hours to an average of 10 minutes of
similar incident types. This outcome is spectacular and should be interpreted with care it does not mean
that Al will take over the role of an analyst but that the mechanical data collection and compilation that
used to take most of the time in the investigation process will be removed.

7.4 Al in Malware Analysis

Traditionally, both the use of static and dynamic malware analysis demanded expert knowledge to be
effective. Trained Al systems based on large labeled datasets of malware samples and behavioral profiles
can now automatically perform the first stage of triage of malware analysis, giving reliable identification of
likely malware families, behavioral patterns, and persistence strategies, and the potential scope of impact
of samples submitted to it within a few seconds. This ability does not replace human skills in the analysis of
advanced, new, or targeted malware. It does imply that the high-volume, low-complexity initial triage that
bottlenecked at the availability of specialists may be mechanized, allowing specialist analysts to
concentrate on the truly complex analysis which can be enhanced by their expertise.

7.5 Securing Al Components Within Security Infrastructure

© 2026, PUIRP | PU Publications | DOI:10.5281/zenodo.19986642 Page | 77




& we” e ¥,
}% : )j
B ,.:

Partners Universal Innovative Research Publication (PUIRP)
. Volume: 04 Issue: 02 | March-April 2026 | ISSN: 3048-586X | www.puirp.com

With the integration of Al into the security operations platforms, the security of the Al components
themselves becomes a critical issue. An Al-enabled security platform that can perform automated
response measures is a high-value target to attackers who realize that it is more effective to compromise
the defensive system itself as opposed to circumventing individual detection rules. Technical control over
Al-based security platforms should comprise of routing all Al service interaction via specific proxy
infrastructure with full audit recording, strong access controls to the datasets accessible to Al components,
observing Al system behavior to anomalies that may indicate model manipulation or adversarial input
injection and of course, enforced human-in-the-loop requirements on any high-impact automated
response action despite the expressed confidence level of the Al system. The design principle is that Al
speeds up and increases security operations without introducing attackable attack surfaces into the
defensive infrastructure itself.

8. EXTENDED DETECTION AND RESPONSE UNIFYING THE SECURITY SIGNAL

8.1 XDR as a Cross-Domain Detection Architecture

Extended Detection and Response (XDR) is a detection architecture that removes domain boundaries in a
systematic way in the context of security monitoring. Conventional point solutions, such as endpoint
detection and response (EDR), network detection and response (NDR), and cloud security monitoring
platforms, all of which work in their respective area and emit single alerts. An advanced attack starting with
a phishing email, creating persistence with a malicious endpoint process, and lateral movement via
network protocols with data exfiltration via a cloud service yields signs in each of these domains. In the
absence of XDR-style cross-domain correlation, every signal is considered individually, and the sequence
of attack is never considered a linked series of adversary activity.

EXTENDED DETECTION AND RESPONSE: UNIFYING THE SECURITY SIGNAL

XDR AS A CROSS-DOMAIN DETECTION ARCHITECTURE
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The technical architecture of XDR is a shared data model and a single correlation engine that receives
signals in real-time, regardless of their origin, whether endpoint, network, cloud or identity, and applies them
to detection logic that explicitly crosses those domain boundaries. Such architecture allows identifying
attack patterns that are explicitly crafted to look harmless in each and every domain but are overt
malicious when considered across domains.

8.2 10T and Operational Technology Visibility

The use of loT and operational technology (OT) devices within enterprise settings has exposed an attack
surface that is ill-suited to be monitored by traditional security operations architectures. Most of these
devices were not instrumented with security, and are unable to collect telemetry using an agent, are based
on proprietary or old-fashioned communication protocols, and can be directly integrated with security
monitoring systems only to a limited extent or not at all. The security operations architecture should be able
to consider this fact by providing protocol-aware passive monitoring that gathers network-level data
about behavioral data of IoT and OT devices without having to install any agents. This information should
be standardized into the single event schema with standard IT telemetry, allowing to correlate loT
behavioral abnormalities with more general organizational security events. This lack of visibility is not just
on paper since the use of loT devices as a starting point of attack has been recorded in some of the largest
attacks in the recent past.

8.3 Multi-Cloud Telemetry Normalization

The multicurrency organizations between various cloud providers have a unique normalization problem.
Each of AWS CloudTrail, Azure Monitor and Google Cloud Logging stores security-relevant events in
radically different schemas, with different field naming conventions, different event taxonomies, and
different detail of similar activity types. The successful implementations of XDR make the telemetry of
multiple clouds transparent, giving the analysts a single event view, irrespective of the cloud provider. This
involves keeping cloud-provider-specific normalization modules, which cloud providers update their
logging APIs and schemas, a maintenance burden that organizations often underestimate when designing
multi-cloud security monitoring systems.

9. PHYSICAL-DIGITAL SECURITY CONVERGENCE

9.1 Integrating Physical Security Telemetry

The conventional security operations environments regarded the physical and digital worlds as two
completely different issues. This division has grown less and less viable. Behavioral signals, which can be
found in physical access events, badge readers logs, video analytics output and visitor management
records, can provide key context to digital security investigations, especially in insider threat cases where
the combination of unusual physical access patterns and anomalous digital activity is much more
indicative of ill intent than either of the two signals individually.

To technically integrate physical security telemetry in a unified security operations platform, access control
systems, visitor management platforms and video analytics outputs can be ingested and normalized in
pipelines in the same way as digital telemetry, and the same behavioral baselining and correlation logic
can be applied to these physical event streams. Companies that have successfully introduced this
integration state that insider threat detection has been positively impacted in more than just a few ways,
with the combination of physical and digital behavioral abnormailities providing detection signals that are
more sensitive and specific than those of either of the two domains.
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PHYSICAL-DIGITAL SECURITY CONVERGENCE & CONTENT INTELLIGENCE IN SECURITY OPERATIONS
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Fig -8: Physical Digital Security Convergence & Content Intelligence in Security Operations

9.2 Keyword Monitoring and Content Intelligence

Security operations platforms which can monitor document and communication content to identify
indicators of data exfiltration planning, intellectual property theft, and insider threat activity can identify
such actions before they enter an operational phase. The technical architecture entails real-time content
examination with taxonomized sets of keywords depending upon the category of threat, and entity
behavioral context to differentiate truly suspicious patterns and occurrences of monitored words that are
innocent. The content monitoring effectiveness can be greatly influenced by the level of sophistication of
the contextual analysis layer. The use of flat keyword matching with large, fixed sets of keywords, not within
the context of behavior, yields unmanageable volumes of false positives. Successful implementations are
a combination of keyword detection and entity risk scores, behavioral anomaly indicators, and relationship
graphs to uncover patterns indicating truly high risk and not merely a coincidental occurrence of a
keyword.

10. OPERATIONAL MATURITY A PRACTICAL FRAMEWORK

10.1 Dimensions of Security Operations Maturity

There is a continuum of security operations capability. Organizations with the lowest maturity level have
simple log collection and fully manual alert triage and response times in days. At the most mature levels,
the organizations are completely integrated with data lakes, Al-enhanced detection and investigation,
automated response based on playbooks to address most of the typical threat cases, and sustained
proactive threat hunting programs. In the vast majority of organizations, there are areas of highly
developed capabilities and some areas of great gaps between these extremes. An effective maturity
evaluation system is a capability analysis in five dimensions. Data coverage The question of data coverage
is: What percentage of the environment is producing security-relevant telemetry that is being collected,
normalized and enriched. Detection quality is a measure of the percentage of the alerts created by the
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detection system that is a real threat, as opposed to a false alarm, the truest measure of the calibration of
the detection system. Measures of response speed are the interval between detection and containment,
the most operational metric that is most directly correlated with breach severity and cost. Automation
depth can measure the percentage of response actions that can be performed automatically without any
need to take any manual actions. Intelligence integration is a measure of the effectiveness with which
external threat intelligence is implemented in the active detection and response processes.

10.2 Phased Implementation Pathway

Organizations that seek to embark on maturity improvement ought to go through the transition in a step-
by-step manner but not as a single organization that tries to implement the entire capability stack at once.
Parallel execution forms dependency chains which lead to cascading failures in the whole program.

OPERATIONAL MATURITY: A PRACTICAL FRAMEWORK FOR SECURITY OPERATIONS (SOC)
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Fig -9: Operational Maturity A Practical Framework For Security Operations (SOC)

The initial stage creates an extensive amount of telemetry gathering throughout the key systems and
introduces normalization and enrichment pipeline base lines. Nothing that comes after it is credible unless
it is of high quality, and is continuously enriched data. It should be handled as an engineering project where
acceptance criteria of completeness of data, hormalization correctness and enrichment coverage are
agreed upon before a detection logic is established on it. The automation stage uses SOAR playbooks that
start with high confidence and low impact scenarios. The first and foremost is proving that automated
response is dependable before considering other actions that have a greater impact. Before a playbook is
deployed, it must be confirmed with historical incident data and after deployment it must be monitored in
terms of false positives.

The intelligence stage systematically incorporates external threat intelligence into detection logic, and
aligns coverage to the MITRE ATT&CK framework to find and prioritize gaps. The step must set a routine
rhythm of coverage of detection review instead of looking at intelligence integration as a single set-up
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endeavor. The Al augmentation step involves implementing Al-guided exploration, natural language
querying, and generative Al functionalities. And these capabilities are maximum value when they are
constructed on an already mature, well-structured, continuously enriched data base. Companies aiming
to use Al investigation solutions over unnormalized data will experience average performance and
misjudge that the technology is no longer effective.

11. ZERO TRUST ARCHITECTURE AND ITS INTEGRATION WITH UNIFIED SECURITY OPERATIONS
Architectural isolation of modern security operations does not exist. The cohesive data lakes, behavioral
detection engines and SOAR platforms outlined in this paper work best when they are deployed into a Zero
Trust security framework, but the interaction between the two systems is seldom looked at with the level of
detail it warrants.

INTEGRATION: ZERO TRUST ARCHITECTURE (ZTA) & UNIFIED SECURITY OPERATIONS
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Fig -10: Integration of Zero Trust Architecture (ZTA) & Unified Security Operations

Zero Trustis not a line of products or a list of deployment. This is a security design philosophy that is founded
on one principle: no user, device or workload should implicitly be trusted due to its network location or prior
authentication state. All access requests should be checked explicitly, all sessions should constantly be
authenticated and all resources should impose access controls that are least privileged irrespective of
whether the requesting entity is an internal or external entity to the organizational network perimeter. In
2020, the architectural concepts of Zero Trust were codified in the NIST SP 800-207, which characterizes a
Zero Trust architecture as an architecture in which the default assumption is breach, and access decisions
are made based on all accessible information about the requesting entity and the resource being
accessed.

Zero Trust and unified security operations are operationally related and enhance one another. Zero Trust
comes up with more detailed access telemetry than the more traditional perimeter-based designs. Each
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access decision within a Zero Trust setting generates a decision log who asked to be accessed, to what
resource, by what device, under what policy terms and whether the request was approved or denied. This
telemetry is normalized and contextualized by default and is much more useful analytically than raw
network logs generated by perimeter-based architectures.

In the case of detection engineering, Zero Trust telemetry can be used to conduct accurate identity- and
session-based behavioral baselining. Anomaly detection will be significantly more accurate should all the
access patterns of the users be logged in relation to the known identity attributes. An account accessing a
resource with which it has never previously accessed, unusual time, on a device it has never before been
associated with, leaves a multi-dimensional anomaly signal that is much richer than a simple network flow
anomaly.

In the case of incident response, the continuous verification model of Zero Trust implies that the response
measures can be implemented at the policy enforcement layer instead of having to implement network-
wide containment measures. An identity with an estimated breached identity can have their access policy
automatically constrained or revoked at the Zero Trust policy engine, and all resources can be denied
access at once without needing network segmentation modifications or endpoint isolation operations. It is
a more accurate, quicker and less disruptive operationally containment method, compared to
conventional isolation methods.

There are normalization considerations that need to be taken to integrate Zero Trust telemetry into a single
security data lake. The logs of policy decisions, records of device compliance status, and the score of
constant authentication have to be mapped into the common event schema in addition to the traditional
network and endpoint telemetry. Companies that achieve this integration can have a detection and
response capability that is indicative of not only what is occurring on the network but what identities and
devices are engaging in regarding the entire set of organizational resources at their disposal.

The real difficulty of the implementation of the Zero Trust lies in the transition period. The majority of
organizations have hybrid systems comprising of Zero Trust-enabled and legacy infrastructure and
detection posture in this type of transition must be carefully managed, ensuring that any coverage gaps
that the transition brings about are proactively detected and mitigated. To ensure a continuity of detection
during transition, mapping Zero Trust implementation progress against the MITRE ATT&CK coverage
framework is a viable method to keep continuity. The organizations that will benefit the most by the unified
security operations architectures that will be described in this article are the ones that will not consider Zero
Trust as a distinct project but rather as the access control building blocks on which the architectures will
be based. The two models are not substitutes. The two are complements and their joint application yields
security operations capability neither of which would single-handedly accomplish.

12. DASHBOARD DESIGN, ANALYST EXPERIENCE, AND SOC METRICS

12.1 Cognitive Load and Effective Dashboard Design

The most technically advanced detection architecture generates a lower operational value, when the
analyst interface formats information in a manner that increases not decreases cognitive load. Security
operations dashboards are infamously vulnerable to information overload: hundreds of metrics, dozens of
running alert queues, and intricate visualization layouts that demand a large cognitive cost to interpret
before any analytical effort will be possible.
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Dashboard design is not a field that can be based on theory but needs to be studied empirically and how
analysts in fact use information to make decisions. The most important design questions are what
information analysts look at most often when working on investigations, at what time resolution various
types of data should be displayed, how severity and priority in the interface should be represented to help
with a quick evaluation process, and how the interface can help direct attention to the most urgent items
without the need to search.

Dashboard Design, Analyst Experience, and SOC Metrics
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Fig -11: Dashboard Design, Analyst Experience, and SOC Metrics

12.2 Operational Efficiency Metrics

The operational efficiency metrics and the threat visibility data should be brought to the surface of security
operations dashboards, providing security leadership with the quantitative information on how well the
processes are operating, and the evaluation of how the process improvement efforts are working. The key
measures of security operations efficiency include: mean time to detect (MTTD), the average time between
the attacker and the security team accomplishing its initial mission and the security team producing an
alert, mean time to respond (MTTR), the average time between the alert being generated and the active
containment, alert-to-investigation conversion rate, the percent of alerts that are actually investigated
instead of dismissed, automation coverage, the percent of response actions executed. These measures
have the operational optimization role and organizational communication role. They are able to take
security operations performance into quantitative measures that can be compared to the extent of
investment and the risk tolerance threshold by the organizational leadership.

13. IMPLEMENTATION CHALLENGES AND MITIGATION STRATEGIES

13.1 Managing Integration Complexity
The complexity of integration of the implementation of a single security operation platform is often
underestimated. All the security tools that exist within the environment constitute an integration point that
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needs to be initially configured, maintained, version compatible and remediated occasionally when the
underlying APIs evolve. The connector architecture which supports cross-platform SOAR orchestration is
structurally as reliable as its weakest component.

The mitigation is hard-nosed prioritization. Organizations ought to determine the twelve to fifteen security
tools that produce the most alerts that can be acted upon, and can be involved in response processes,
and invest in thorough, highly tested integrations of such tools before attempting to integrate with the rest
of the tool set. An operationally inferior broad, shallow point of integration of fifty tools is better than a
reliable, deep point of integration of the tools that actually cause security operations on a day to day basis.

IMPLEMENTATION CHALLENGES & MITIGATION STRATEGIES
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Fig -12: Implementation Challenges & Mitigation Strategies

13.2 Data Quality Governance

The data quality limits the capability of detection quality, which cannot be overemphasized. The use of
detection rules with poorly normalized data results in inconsistent results. Metadata errors that are
produced by enrichment pipelines threaten alert fidelity. Incomplete or contaminated data used to
compute behavioral baselines produce anomaly scores which are not indicative of actual risk. Companies
ought to have formal data quality validation procedures of every new telemetry source prior to establishing
detection logic over it. The validation should include the entire spectrum of types of events generated by
the source and not only the most frequent. The areas that are most affected by normalization failures and
in which the failures have the most significant effect on reliability in detection are the edge cases and the
error conditions of the source logs formatting.

13.3 Maintenance Discipline and Operational Sustainability

Automation of security operations is not such a steady state that can remain without continuous
investment. Rules used in detection must be constantly tuned by the monitored environment as new
legitimate tools are introduced that emit initially anomalous signals, as adversaries evolve in response to
detection. Playbooks also need to be updated as underlying tools update their APIs and incident
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retrospectives reveal missing response logic. Threat intelligence sources upgrade data formats and data
schema, which means that enrichment pipelines need maintenance. Companies deploying advanced
operations automation of security processes have to allocate funds to continuous maintenance work, both
in man-hours and the structures of the processes to operate a living operational system. The teams
needed in doing such maintenance have to have an amalgamation of deep technical understanding in
detection engineering and a high level of discipline in the operations processes, which organizations must
develop and not expect it to come naturally.

14. FUTURE PROSPECTS THE NEXT GENERATION OF SECURITY OPERATIONS TECHNOLOGY

14.1 Al Agents and Autonomous Investigation

The Al functions of this day and age in the security operations have a human-initiated feature an analyst
asks the machine and the Al reacts. The new breed of Al agent technology is a qualitative change towards
being autonomous in its operation. Al agents have the capability to autonomously launch investigation
processes, collect evidence across various sources, evaluate the severity and urgency of threats, and
suggest or take response actions, based on their evaluation.

FUTURE PROSPECTS: THE NEXT GENERATION OF SECURITY OPERATIONS TECHNOLOGY
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Fig -13: Future Prospects The Next Generation of Security Operations Technology

This change has great consequences on the staffing models and governance of security operations. When
Al agents are capable of performing initial investigation triage on a large fraction of incoming alerts, the
human analyst role becomes that of alert triage and execution of investigation, but is changed to that of
validation, oversight and treatment of cases that fall outside of the confidence levels of the agent. The
policy implications of autonomous Al activities in security operations, such as who is responsible for
automated decision-making, whether the agent reasoning can be audited and how it is possible to recover
when agents make wrong judgments are both subjects of active technical development and policy debate.
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14.2 Behavioral Al and Continuous Authentication

Conventional access control methods provide authentication at the start of a session, and sustain
authorized access till periodic revocation or the session expires. In this model, a compromise or hijacked
authenticated session will leave its complete access privileges until the compromise is discovered on its
own. Continuous authentication can be provided using behavioral Al systems, which continuously analyze
behavioral cues during a session, such as interaction patterns, navigation patterns, transaction behavior,
and temporal use patterns, and indicate anomalies that indicate the authenticated session might have
been impersonated. This method is especially useful in highly privileged settings where the repercussions
of unnoticed compromise of a session are serious.

14.3 Adaptive Security Architecture and Self-Updating Detection

The future of security operations technology is towards architectures which have true adaptive capability
systems which add their own detection logic in response to the observed threat trends without the need to
create rules by hand. A system that can learn new attack patterns by behavioral data, and automatically
produce tested detection rules would be a significant improvement over the current technology and would
help close the gap in detection by a large margin with novel attack methods. The issues of technical and
governance are profound. Detection rules that are automatically generated have to be as precise as
human-engineered rules otherwise they will inflate false positives. The automated rule creation should
have a well-defined policy concerning the validation requirements, deployment controls, and rollback
procedures. Nevertheless, the operational payoff of a detection system that can keep abreast with
innovation on the part of adversary in the absence of continuous and manual rule engineering is large
enough to warrant the heavy research and development investment in the direction.

15. CONCLUSION

The main premise of the article could be put as follows it is not people who are the main obstacle to
successful security operations in most organizations, but the architecture. The weaponry to identify
advanced threats are available. The Al potentials to speed up the investigation and response are available.
The automation of orchestration structures to contain is in place. The most consistent feature that most
organizations are missing is the integrated, highly-engineered architecture that ties these capabilities
together into a consistent operational system with each component enhancing the effectiveness of the
other. The fact of this argument is tangible. Companies utilizing integrated security operations
architectures, which comprise cohesive data lakes, behavioral detection, Al-assisted investigation, and
SOAR-driven response, have been able to cut the average investigation and remediation time in excess of
18 hours to less than 10 minutes to respond to similar incidents. It is not slow-growth. It embodies a complete
paradigm shift in the operational capabilities of a security group of a certain size.

There are four stages of the practical way forward building high-quality, comprehensive telemetry
collection and normalization as the base layer, deploying SOAR automation in phases, beginning with high-
confidence, low-impact scenarios, integrating threat intelligence in a systematic way based on the MITRE
ATT&CK framework to guide coverage assessment, and extending Al-assisted investigation and natural
language capabilities on top of the mature data base. Security operations is not a problem that is resolved
and the adversary landscape will keep on changing. There is a similar pace of investment in Al-based
offensive capabilities by threat actors, which is comparable to defensive investment. It is organizations that
create adaptive, smart, integrated security architectures today and regard ongoing improvement of such
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architectures as an operational practice, not a project with an end point, that will have a significant security
posture when whatever the next decade of the threat landscape throws at them occurs.
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