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Abstract: With the rapid growth of Generative Artificial Intelligence, security leaders face significant opportunities and new risks. The 

fast progress in this area can be overwhelming due to the vast amount of information available. Generative AI is versatile and capable of 

working with text, video, audio, and images, making it possible to apply that in various information technology domains. This paper 

introduces a design to apply Generative AI to build an Intelligent Agent architecture for security operations. The solution is designed to 

enhance the effectiveness of security operations by optimizing and autonomously executing various tasks performed by the security 

operations team. The architecture integrates generative AI technologies at multiple stages of security operations analyst’s workflow and 

process to improve threat detection, accelerate response times, and increase the overall accuracy of operations. This paper details the 

design and functionality of each component and discusses the potential of this architecture to transform cybersecurity practices by 

reducing manual effort and enhancing decision - making processes. Finally, the research discussed here provides a blueprint for future 

enhancements in SOC operations and serves as the foundation to shift toward more dynamic and intelligent cybersecurity operations.  
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1. Introduction 
 

Cyber threats are becoming increasingly sophisticated and 

pervasive. The rapid evolution of cyber threats demands more 

dynamic and innovative defenses and tools for security 

operations, which are the first line of defense. Generative AI 

provides a promising opportunity to build intelligent agents 

that could further improve the speed and accuracy of the 

security operations team. This paper proposes a specific 

architectural design that leverages generative AI and 

intelligent agent systems to enhance cybersecurity operations. 

By integrating these technologies, the proposed architecture 

aims to strengthen cyber defense mechanisms and introduce a 

level of adaptability and intelligence previously unattainable 

with conventional methods in security operations. This paper 

is built on the foundation that a cybersecurity architecture 

employing generative AI and intelligent agents will 

significantly enhance threat detection and improve response 

speed and accuracy. There are published surveys and 

experiments from security industry leaders concluding the 

efficiency gains and benefits. While the paper will delve into 

technical aspects and theoretical applications, it will not cover 

specific algorithmic designs or detailed coding practices. The 

feasibility of widespread implementation and the assessment 

of real - world deployments remain largely hypothetical and 

suggest future areas for empirical research.  

 

Challenges in Security Operations Centers 

Security Operations Centers (SOCs) are the first line of 

defense in safeguarding organizations against cyber threats, 

but they encounter several challenges that can hinder their 

effectiveness. These challenges stem mainly from the 

increasing complexity of information systems. Here are some 

of the prominent challenges faced by SOC teams.  

 

Table 1: Challenges in Security Operations Centers 

Data Ingestion and 

Normalization 

SOC teams require broad and deep telemetry to effectively monitor for threats, but they often struggle with 

incomplete visibility, largely due to the complexity in in ingesting all relevant data and telemetry necessary to 

identify, understand, and respond to threats adequately. 

Automated Analysis 

With the growth in number of threat and sophistication, the demand on SOC teams to perform real - time, at - 

scale threat analysis intensifies. Though traditional automation methods help here, they are rigid and work for 

specific cases, often SOC analyst resort to manual analysis which involves sifting through vast amounts of 

telemetry to find signs of threats or compromise. 

Investigation and 

Threat Hunting 

SOC analysts are often faced with the challenge of ambiguous alerts that require significant manual effort to 

verify. This manual effort delay response times and reduce the overall efficiency of the SOC team. The 

complexity of queries and the high skill required for effective investigation also limits an analyst’s ability to 

quickly understand the scope and scale of threats. 

Decision and Action 
Making fast and informed decisions is vital in a SOC environment. However, the need for rapid decision - 

making is generally impeded by the time it takes to gather sufficient information regarding a threat. 

 

Deficiencies in Current Security Tooling 

As cybersecurity threats have evolved and become more 

sophisticated, the tools and frameworks within Security 

Operations Centers have also undergone corresponding 

transformations, particularly in the realm of Security 

Information and Event Management (SIEM). While other 

security architecture components have undergone significant 

modernization, the SIEM model, foundational to SOC 

operations, has seen only incremental improvements and 

continues to operate on principles designed decades ago.  
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Table 2: Deficiencies in Current Security Tooling 

Legacy Technology 

Limitations 

Many of the SIEM systems in use today which powers the SOC operations, were developed based on older 

technological frameworks though they serve the purpose, it involves significant effort to keep up with the 

evolving cybersecurity landscape. The store and search model limits adaptability to new and emerging security 

challenges, making it difficult for SOCs to effectively manage the dynamic threat environment. 

Complexity and 

Management 

Challenges 

SIEM systems are notoriously complex to implement and manage at scale. This complexity necessitates ongoing 

tuning and maintenance to ensure operational efficiency, which includes managing false positives and ensuring 

critical security events are not overlooked. The inherent complexity of these systems often deters vendors from 

undertaking significant overhauls which could enhance performance but might disrupt existing operations. 

Integration and 

Customization 

Hurdles 

SIEM solutions are typically integrated with a range of other security tools, including Endpoint Detection and 

Response (EDR) systems, Intrusion Detection Systems (IDS), and Network Traffic Analysis tools. Any 

significant modification in the SIEM technology could jeopardize these integrations, posing significant 

challenges for users in maintaining seamless security operations. Many organizations have heavily customized 

their SIEM solutions to fit their specific needs, significant changes to them systems would mean extensive and 

expensive reconfigurations. 

Regulatory 

Compliance  

Concerns 

SIEM systems also play a critical role in helping organizations meet various regulatory compliance requirements. 

Changes to these systems could potentially affect their ability to comply with these regulations, adding another 

layer of complexity to the already challenging task of maintaining up - to - date and effective security measures. 

 

Generative AI in Enhancing SOC Capabilities 

Generative AI can potentially help SOC teams take a giant 

leap forward, primarily by reducing manual effort and via 

intelligent automation. By leveraging generative AI's 

capabilities, SOCs can significantly enhance their overall 

efficiency and effectiveness in various critical areas.  

 

Generative AI can automate the parsing and normalization of 

diverse data sources, dramatically reducing the manual effort 

required. By intelligently analyzing sample logs and creating 

parser logic, generative AI can help ensure coverage and 

significantly speed up normalization, resulting in effective 

threat detection and response. Generative AI can generate 

natural language summaries from technical data, providing 

security analysts with immediate, comprehensible insights 

into potential threats. The true power of large language 

models can be unleashed to save time spent by every team 

member of SOC in reading hundreds of pages of 

documentation. This capability speeds up the investigation 

process and lowers the barrier for less experienced analysts to 

understand and respond to alerts effectively. Generative AI 

can transform how analysts interact with SOC platforms by 

enabling queries in natural language, simplifying extracting 

crucial information, and making the system accessible to a 

broader range of users. Generative AI can offer guided 

response recommendations in critical situations based on built 

- in expert knowledge and historical data. This support helps 

analysts make quicker, more informed decisions. For clear - 

cut cases with a low risk of false positives, generative AI can 

automate responses, thus enabling real - time, swift action to 

mitigate threats before they manifest into more significant 

issues. One of the most potent characteristics of generative AI 

is its ability to learn continuously from new data and 

interactions. This capability allows SOCs to respond to 

current threats and adapt and improve their defense 

mechanisms over time, ensuring that the SOC maintains the 

edge. This paper further discusses how to build a solution that 

exploits this technology's benefits to the security operations 

teams.  

 

Understanding AI Agents 

Before we look at the solution architecture built using AI 

agents, it is necessary to understand what it is. AI agents are 

software programs designed to interact autonomously with 

their environment to achieve specific, predefined goals set by 

humans. These agents perform tasks based on independent 

judgment, using data collected from their interactions. A 

typical example is a contact center AI agent that handles 

customer inquiries by asking questions, retrieving relevant 

information, and deciding the best action to resolve the query 

or escalate it to a human operator.  

 

Principles of AI Agents 

The defining characteristic of AI agents is their rationality. 

They are designed to make decisions based on the data and 

their perception of the input data and aim for optimal 

performance and results. Generally, this rational decision - 

making process would involve.  

• Sensing the environment: AI agents gather data through 

physical sensors or software interfaces, such as receiving 

input data from user interactions.  

• Data analysis for decision making: AI agents analyze the 

collected data to predict and determine the best outcomes 

that align with their goals after sensing their environment.  

• Action based on analysis: They use the results of their 

study to formulate and execute the following steps, 

continuously aiming to achieve their predefined objectives 

efficiently.  

 

AI agents simplify and automate complex tasks through a 

structured workflow, which includes Determining Goals. 

Initially, AI agents receive specific instructions or objectives 

from users. They use these goals to outline a plan made of 

multiple tasks. Acquiring Information: To execute these tasks 

successfully, AI agents gather necessary information, which 

may involve retrieving data from the internet, interacting with 

other AI systems, or using machine learning models to 

analyze trends and patterns. Implementing Tasks: With the 

relevant information, AI agents systematically carry out their 

tasks. They continually assess their progress toward the goals 

and, if necessary, adjust their actions based on feedback.  

 

Generative AI Powered Intelligent Agent Architecture 

Figure 1 shows a high - level design for a Generative AI - 

powered Intelligent Agent designed to enhance the detection, 

analysis, and response capabilities of SOC analysts. Key 

components include a Planner, Query Builder, Context 

Builder, Vector Embeddings, Relational Data Warehouse, and 

a Security Information and Event Management (SIEM) 

system. The system heavily relies on a fine - tuned Large 
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Language Model (LLM) for various functionalities such as 

planning, query generation, and result validation. The design 

uses LLM’s robust capabilities to solve complex parts of the 

SOC process, which traditionally involves manual effort. The 

AI agent will be a virtual assistant to a SOC operator, planning 

and executing tasks based on the analyst's queries or prompts 

in natural language.  

 

Table 3: Generative AI Powered Intelligent Agent Architecture 

 
 

Planner 

The Planner is one of the core components. It leverages the 

capabilities of a large language model (LLM) to orchestrate 

complex security operations described in natural language. 

The primary function of the Planner is to dissect high - level 

user inputs or detected security events into manageable, 

discrete tasks. Once a task is identified, the Planner uses the 

Context Builder to create a rich and detailed context for each 

task. This enriched context is critical as it enhances the 

Planner's ability to tailor task - specific strategies that are both 

relevant and effective. Following the context enrichment, the 

Planner develops an execution plan that primarily involves 

chaining outputs of tasks to the following task input and 

adding more context. This plan details the sequence of 

operations, resources required, and expected outcomes, 

ensuring that all aspects of the task are addressed. The Planner 

utilizes the Query Builder to actualize these plans, converting 

each task into executable queries, which could be SQL for 

data retrieval from the Relational Data Warehouse or specific 

queries tailored for the Security Information and Event 

Management (SIEM) system.  

 

Query Builder 

The Query Builder in the architecture is the core engine 

designed for translating complex, natural language queries 

into structured SQL or SIEM - specific queries. Query Builder 

is a fine - tuned LLM for generating SQL queries and SIEM - 

specific queries. The LLM's capability to generate these 

queries is not just syntactic translation but also involves 

semantic understanding to ensure that the queries are 

contextually appropriate and that the correct database schema 

is chosen. By converting natural language into executable 

queries, the Query Builder plays an essential role in the 

design, automating data - driven decision - making processes 

and operational workflows within the security operations 

center.  

 

Context Builder 

The Context Builder is another essential component of the 

Generative AI - powered Intelligent Agent. It aims to enrich 

user queries or system - generated prompts with relevant and 

comprehensive context. Context enrichment is vital to 

ensuring that the Planner and Query Builder operate with a 

complete understanding of the environment and details 

specific to the situation. The core functionality of the Context 

Builder revolves around leveraging data stored in the system's 

memory, both short - term and long - term, and translating this 

data into actionable insights using vector embeddings. Vector 

embeddings allow the system to represent complex and 

heterogeneous data (such as logs, threat intelligence, and 

historical security incidents) in a mathematical space 

appropriate for finding related items. This representation 

enables the Context Builder to quickly access and synthesize 

relevant information, facilitating a deeper understanding of 

the current operational context. By integrating memory data, 

Context Builder ensures that every prompt is supplemented 

with the necessary background, historical trends, and 

correlated data.  

 

Vector Embeddings 

The Vector Embeddings component serves as the 

computational backbone for the Context Builder, playing a 

vital role in encoding various types of security - related 

information into a format that can be used to add context to 
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the user query. This component is essential for transforming 

raw data from multiple sources into a unified vectorized 

format. The information processed through Vector 

Embeddings includes SOC Playbooks. These playbooks 

contain predefined response plans and procedures for various 

investigation scenarios. The system can quickly access and 

apply relevant playbooks to current security situations by 

vectorizing this information. Threat intel database would 

provide crucial information on potential security threats, such 

as indicators of compromise, which may include IP addresses, 

domain names, and specific malware signatures. Vectorizing 

this data allows the agent to efficiently compare current 

network activity against known threats, enhancing its 

detection capabilities. The data warehouse schema 

information is required for the Query Builder to build accurate 

queries with correct schema usage. Embedding this schema 

information into vectors and appending it to the user prompt 

enables the query builder to generate precise and effective 

queries that fetch the needed information.  

 

Relational Data Warehouse 

The Relational Data Warehouse in this architecture stores 

comprehensive and normalized data about all organizational 

entities and identities. As a structured dataset, it serves as the 

central repository from which the system can retrieve and 

analyze data efficiently, supporting various security 

operations tasks. This structured approach is crucial for 

security operations where the ability to quickly ascertain the 

nature of an entity and its relationships with other entities can 

mean the difference between rapid containment of a threat and 

a full - scale security breach. Tasks such as identifying 

unusual access patterns, correlating alerts to specific network 

segments, or assessing the impact of a security incident are 

heavily reliant on the data provided by the Relational Data 

Warehouse.  

 

Security Information and Event Management (SIEM)  

This architecture's Security Information and Event 

Management component plays a vital role in aggregating, 

analyzing, and managing security logs and events. As a 

standard capability within many security operations centers, 

the SIEM system centralizes collecting security data from 

various sources across the organization, providing a unified 

platform for threat detection and response. Metadata about the 

SIEM indexes and log formats are stored in another database, 

which the query builder uses to make accurate queries. This 

metadata includes information about the data type stored, the 

data source, timestamps, and other relevant details that enable 

precise queries for searching log entries. By thoroughly 

understanding what each piece of data represents and how it 

connects to other data points within the SIEM, the Context 

Builder can enhance the system's overall intelligence and 

situational awareness.  

 

Result Validation Engine and Format Functions 

The Result Validation Engine, powered by a fine - tuned 

Large Language Model (LLM), is a crucial component in 

ensuring that the system's outputs are accurate and relevant to 

the user's query. This engine scrutinizes the results of 

executed tasks and queries, assessing their correctness about 

the initial query. This validation is essential in a security 

context, where the accuracy of information can directly 

impact the effectiveness of threat response and mitigation 

strategies. The LLM's role within the Result Validation 

Engine involves leveraging its advanced capabilities in 

understanding natural language and contextual nuance. This 

enables the engine to evaluate whether the data retrieved and 

processed by other system components truly addresses the 

specifics of the user's request. Complementing the Result 

Validation Engine are the Format Functions integral to 

refining and presenting the validated data. These functions 

perform various data manipulation tasks, such as grouping 

similar results, filtering out irrelevant data, and organizing the 

data into user - friendly formats.  

 

2. Conclusion 
 

In conclusion, the Generative AI - powered Intelligent Agent 

architecture outlined in this paper offers a transformative 

approach to enhance cybersecurity operations within Security 

Operations Centers. The proposed system also addresses the 

multifaceted challenges faced by today's cybersecurity teams; 

multiple large language models and other components work 

together to automate and optimize various SOC processes, 

reducing manual efforts and allowing analysts to focus on 

more strategic tasks. As cyber threats evolve in complexity 

and scale, organizations should start investing in building 

solutions like the one presented here to enhance current SOC 

capabilities and set the stage for future developments. It 

represents a significant step forward in the quest for more 

intelligent and adaptive cybersecurity defenses. Future 

research and empirical validation of this architecture will be 

crucial in assessing its effectiveness in real - world scenarios 

and refining the technologies and strategies employed. The 

journey towards more sophisticated and autonomous 

cybersecurity systems is ongoing, and this architecture marks 

an important milestone.  
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