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ABSTRACT 
This study presents a robust framework for addressing security challenges in Agentic AI systems through 
contextual protocol-driven deep learning architectures. The proposed hybrid model integrates NLP-based text 
preprocessing, CNN-driven image feature extraction, and transformer-based fusion layers, enabling dynamic 
contextual adaptation. Using real-world social media data, the model achieved an average accuracy of 90%, 
precision of 91%, and recall of 89%, outperforming conventional CNN and RNN frameworks by over 8% in overall 
efficiency. The hybridization of transformer fusion and fully connected deep layers reduced inference latency by 
13%, ensuring scalable real-time defense against data manipulation and phishing-based adversarial attacks. 
Performance evaluation and comparative analysis (Figs. 3–5) confirm that contextual learning protocols 
substantially enhance model resilience, explainability, and energy efficiency within secure AI ecosystems. 
 
Keywords:  Agentic Artificial Intelligence; Contextual Protocols; Hybrid Deep Learning Model; Transformer-
Based Fusion 
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Introduction  
 

1. OVERVIEW 
Agentic artificial intelligence models are a new era that has emerged as a result of the rapid development 
of artificial intelligence (AI). These models are able to make decisions on their own, understand context, 
and interact with complex digital ecosystems in real time. In addition to merely adhering to 
predetermined directives, these models, which are founded on sophisticated structures and extensive 
contextual protocols, are designed to do additional tasks. It is possible for them to reason, organise, and 
carry out tasks with minimal assistance from other people. However, as artificial intelligence systems 
become more self-sufficient and flexible in response to a variety of circumstances, the security concerns 
that are associated with its utilisation have become increasingly significant. Agentic artificial intelligence 
models are able to deal with a diverse array of data sources, application programming interfaces (APIs), 
and multi-agent contexts. It is typical for them to handle duties that are sensitive or significant. This 
produces a wide attack surface that encompasses threats such as prompt injection, data poisoning, 
adversarial manipulation, model inversion, and unauthorised access to contextual memories or 
communication protocols. These threats contribute to the creation of a large attack surface. Additionally, 
the manner in which these agents adapt may result in vulnerabilities becoming even more severe, which 
indicates that conventional security methods are not robust enough to ensure the safety of autonomous 
systems. In order to guarantee that agentic artificial intelligence is reliable, trustworthy, and powerful, we 
require not just technical safeguards, but also robust contextual governance, transparency systems, and 
constant threat modelling. For this reason, it is essential to investigate security concerns and the solutions 
to those concerns within the framework of agentic artificial intelligence models that incorporate 
contextual protocols. This is necessary in order to achieve a balance between autonomy and control, 
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which will ultimately lead to the promotion of both creativity and safety in the next generation of 
intelligent systems. 
 
1.1 Impact of Agentic Systems on Future AI Behavior Design 
The science of artificial intelligence has undergone significant transformations over the past several years. 
There has been a transition from systems that can only react to predetermined inputs to systems that are 
capable of functioning and making decisions on their own. In light of the fact that systems are increasingly 
demonstrating the ability to recognise environmental circumstances, formulate strategic responses, and 
carry out complex tasks with minimal assistance from humans, this accomplishment represents a 
fundamental reinterpretation of the capabilities of artificial intelligence. Research in this field has 
significantly increased in both the academic and industrial arenas, which is a reflection of an increased 
realisation of the revolutionary potential inherent in agentic methodologies for the production of artificial 
intelligence [1]. Agentic frameworks are pieces of software that enable artificial intelligence systems to 
behave in a more autonomous manner across a wide range of contexts and problem domains. By 
combining planning mechanisms, execution systems, and reasoning engines with sensory modules, these 
frameworks are able to create cohesive structures that enable individuals to engage in activities that are 
aimed towards achieving certain goals. In contrast to conventional reactive systems, which link inputs to 
outputs by means of predetermined pathways, agentic artificial intelligence is equipped with internal 
representations of the environment that enable it to anticipate, plan, and adapt to new circumstances. The 
intricate architecture of these systems makes it possible for them to function across several temporal 
dimensions, ranging from rapid responses to long-term strategic planning, all while ensuring that 
objectives and actions are aligned with one another. The environmental awareness of autonomous 
systems has been greatly increased as a result of recent advancements in perception technology and 
sensor integration. This has laid the framework for more advanced decision-making processes in complex 
scenarios that occur in the real world [2]. 
 
1.2 Domains of Application and Emerging Opportunities 
It has been established that agentic frameworks are of significant value in a variety of disciplines. These 
frameworks have revolutionised traditional automation and decision support approaches by enhancing 
autonomy and contextual reasoning. Progress has been made in domains that were previously resistant to 
conventional automation approaches as a result of the change from constrained, task-oriented systems to 
broad agentic architectures. The development of this advancement builds on decades of effort in artificial 
intelligence and adds new characteristics that assist in the resolution of long-standing problems in 
surroundings that are complex and constantly changing. In the context of industrial, healthcare, financial, 
and collaborative settings [3,] the range of applications is expanding as a result of modifications in 
implementation methodologies and domain-specific adjustments that provide improved results. It is the 
application of robotics and autonomous systems that exemplifies the major implementation of agentic 
frameworks, which enhances capacities in the manufacturing, logistics, exploration, and service sectors. 
Conventional automation models have been exceeded by robotic systems that deploy agentic 
architectures in industrial settings. These systems have demonstrated resistance to production variations 
and external effects without the need for purposeful retraining. These systems make use of world 
modelling to maintain accurate representations of working environments. This enables them to adapt in 
real time to suit the ever-evolving requirements of the system while simultaneously making progress 
towards the achievement of industrial goals. The use of agentic techniques is also beneficial to 
autonomous navigation systems, particularly in situations that are not very organised and in which the 
rules that are currently in place do not function effectively for all of the numerous scenarios that may 
occur. It has been demonstrated through field testing that there are noticeable enhancements in border 
conditions and edge instances. These are circumstances in which typical control systems frequently 
require assistance from humans. When it comes to autonomous systems, hierarchical planning enables 
them to break down complex tasks into smaller, more manageable ones, provided that they have the 
appropriate contingency management in place. When it comes to long-term operations in hazardous or 
remote places where direct human supervision is not possible, this is a competence that is extremely vital 
[4]. 
Agentic frameworks are utilised in the healthcare industry for a variety of purposes, including but not 
limited to assisting with diagnosis, developing treatment plans, monitoring patients, and enhancing 
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operations. These systems are equipped to deal with the numerous complexities and ambiguities that are 
associated with the medical arena. Diagnostic systems that make use of agentic methodologies 
demonstrate a significant level of effectiveness for conditions that require the combination of multiple 
information sources, such as laboratory results, imaging data, epidemiological trends, and patient history. 
On the other hand, implementation studies indicate that these systems offer distinct advantages for 
complex or uncommon cases in which basic pattern recognition is insufficient. In order to design 
treatment regimens that are equilibrated with regard to efficacy, contraindications, adverse effects, and 
patient-specific characteristics, treatment planning apps make use of the planning capabilities of agentic 
frameworks. These applications adjust suggestions as new data becomes available. It is important to note 
that patient monitoring systems that use agentic designs are able to maintain full models of the 
individual's health condition. These systems are also able to identify minor patterns that may suggest 
deterioration or treatment response prior to the activation of conventional thresholds. When it comes to 
the treatment of long-term illnesses, these characteristics are especially beneficial because even little 
alterations in a large number of markers can result in significant clinical changes, even if each measure 
remains within normal ranges. [5].  
Agentic architectures have been employed by the financial sector in order to improve risk assessment, 
advisory services, regulatory compliance, and market analysis in contexts that are typified by complex 
information environments and variable situations. Systematic approaches to wealth management that 
make use of agentic frameworks are exceptionally effective at linking investment strategies to the 
objectives, constraints, and risk profiles of their clients. In addition, they continue to modify their 
recommendations in response to the ways in which the market and people evolve. Due to the fact that 
these systems are able to monitor how the market functions and how clients are doing, they are able to 
provide advice that is pertinent to the situation. Additionally, they take into consideration the impact that 
their financial decisions have on their larger life goals. Risk assessment applications can benefit from the 
application of agentic methodologies, particularly in situations where there are complex cause-and-effect 
connections and the possibility of cascade repercussions in coupled systems. The ability to think about 
what might occur in the future under different circumstances, often known as counterfactual reasoning, is 
what makes stress testing and contingency planning more effective than simply using statistics. When it 
comes to distinguishing between genuine abnormalities and statistical artefacts, market surveillance 
systems that make use of agentic frameworks integrate pattern recognition with causal reasoning. By 
doing so, it becomes less difficult to identify instances of probable market manipulation and reduces the 
number of false positives that are associated with rule-based techniques [6]. The distinctive advantages 
that agentic frameworks offer in terms of supporting effective collaborations between human specialists 
and artificial intelligence systems are highlighted by cooperative situations involving human and artificial 
intelligence. Frameworks that are collaborative, on the other hand, place an emphasis on talents that 
complement one another rather than on replacing human jobs. They take advantage of the capabilities of 
computers in areas like as pattern recognition, data processing, and in-depth research, while holding onto 
the advantages that people possess in areas such as contextual judgement, creative problem-solving, and 
ethical consideration. In order to demonstrate this complementarity, agentic assistants make use of 
interfaces that provide options, acknowledge limitations, and imitate results, all while allowing individuals 
to use their creative potential. By conserving past judgements, responding to new aims, and identifying 
implicit restrictions, the capability of agentic systems to maintain context during extended interactions 
minimises the cognitive burden that is placed on human collaborators while simultaneously fostering the 
continuing advancement of shared knowledge. Decision support systems make use of simulation 
capabilities in a variety of disciplines, including strategic planning and emergency management, in order 
to widen the examination of probable situations beyond the individual evaluations that are carried out by 
human teams. The results of this method are insights that are presented in formats that are contextually 
relevant and that improve human judgement rather than replacing it. 
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Figure 1 Agentic Frameworks in Action [7]. 
 
1.3 Building Agentic AI systems 
The construction of an agentic artificial intelligence system is extremely difficult and involves a great deal 
of essential components. Every one of these modules collaborates with one another to ensure that the 
system is capable of functioning independently, adjusting to ever-changing conditions, and making 
intelligent decisions that are suitable for the circumstances. It is necessary to develop comprehensive 
fundamental components in order to design agentic artificial intelligence systems [8]. These components 
serve as the foundation for intelligent, autonomous, and contextual behaviour. These are the fundamental 
components that make up the structural and functional core of contemporary artificial intelligence 
architectures. This is due to the fact that these sorts of systems are able to detect their environment, 
process information, make intelligent decisions, and function independently without the assistance of 
people [9]. Being able to gather and evaluate massive amounts of real-time data from a wide variety of 
sources, such as Internet of Things sensors, application programming interfaces (APIs), and edge devices, 
is essential to these systems. The situational awareness is improved as a result, and any decisions that are 
made based on this data are more correct after this. Immediately following the collection of data, it is 
subjected to preprocessing and cleaning in order to ensure that it is consistent and reliable enough for 
computers to comprehend. The use of data wrangling tools and ETL pipelines allows for this to be 
accomplished automatically [10]. These kinds of systems are made more robust by generative artificial 
intelligence models, which accomplish this by mixing data, scenarios, and simulations that assist in 
forecasting outcomes and making the model even more robust [11]. Through the use of Model Context 
Protocols, the system is able to comprehend a number of dynamic environmental variables, such as the job 
context, the time, and the location. Decisions are made in this manner on the basis of more than just the 
data; they are also based on the degree to which the data is pertinent to the circumstance.  
When it comes to the architecture of the agentic artificial intelligence, the machine learning algorithms 
and decision-making engines are at the core. They are the means by which learning and reasoning can be 
accomplished. Through the utilisation of optimisation algorithms, decision trees, rule-based reasoning, 
and multi-criteria decision analysis, the system has the potential to acquire knowledge from the data, 
enhance the outcomes, and arrive at its own conclusions. There is a possibility that this type of intelligence 
is supported by a knowledge base or memory that maintains a record of both past and present 
occurrences in order to assist individuals in making decisions in the future [12]. In order to carry out AI-
driven decisions in either a physical or digital environment, the action and control layer makes use of 
robotic actuators, application programming interfaces (APIs), and cloud-based technologies. In addition, 
there is a feedback loop and a method to keep an eye on things, which will allow you to continue learning 
and enhancing your performance by utilising real-time data.  
The ethical and governance layers will ensure that the artificial intelligence complies with global 
regulations such as the General Data Protection Regulation (GDPR) and the Health Insurance Portability 
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and Accountability Act (HIPAA) by acting in a manner that is transparent, equitable, and responsible. A 
number of different approaches, like as encryption, authentication, and blockchain solutions, are utilised 
by the security and privacy components in order to ensure that the system is always secure. These 
components are responsible for protecting private information. The user interface and interaction layer 
makes it feasible for people and artificial intelligence to communicate with one another in a manner that is 
comprehensible. This is accomplished through the utilisation of chatbots, voice assistants, and web 
interfaces. Through the utilisation of application programming interfaces (APIs), microservices, and 
webhooks, the intelligent system is finally connected to other applications and surroundings. This ensures 
that the system is compatible with a variety of different platforms. By combining these interdependent 
components, a comprehensive and robust architecture is created. This design not only enables intelligent 
decision-making, but it also incorporates ethical responsibility and data security in order to establish a 
benchmark for autonomous and trustworthy artificial intelligence systems [13]. 
 

2. REVIEW OF LITERATURE 
 

Table 1: Summary of Recent Studies on Agentic AI Systems, Techniques, and Outcomes 
Author(s) Technique 

Used 
Outcomes 

Habler et al., 
(2025) [14] 

MAESTRO 
Framework 

Identified security risks in A2A 
systems; proposed secure 
development and interoperability 
practices using MCP. 

Krishnan et al., 
(2025) [15] 

MCP Developed scalable coordination and 
context-sharing framework; 
improved multi-agent performance 
across domains. 

Xu et al., 
(2025) [16] 

Generative 
Digital Twin 
using MCP 

Enabled autonomous optimization in 
urban logistics; improved 
interoperability and decision-making 
in freight systems. 

Shilpashree et 
al., (2024) [17] 

Cognitive 
Architectures 
(ACT-R, Soar) 
with RL (DQN, 
PPO) 

Enhanced reasoning and decision-
making; improved flexibility and 
efficiency over traditional AI models. 

Du et al., 
(2024) [18] 

Text2BIM 
Multi-Agent 
System 

Generated accurate 3D BIM models 
from natural language; improved 
design automation and model 
quality. 
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Jang et al., 
(2023) [19] 

Generative AI 
(GPT) with 
BIM Tools 

Enabled interactive design 
assistance; improved collaboration 
between architects and AI systems. 

Samdani et al., 
(2023) [20] 

Agentic AI in 
FinTech 

Enhanced financial advisory 
automation; ensured scalability, 
ethics, and improved decision-
making. 

Sundaramurthy 
et al., (2022) 
[21] 

AI-Driven 
Resilience 
Framework 

Strengthened organizational 
resilience; improved security, 
scalability, and adaptive risk 
mitigation. 

Gherhes et al., 
(2022) [22] 

Evolutionary 
Economic 
Geography 
Analysis 

Explained AI ecosystem 
development in Montreal; 
highlighted role of agency in 
innovation systems. 

Westman et al., 
(2021) [23] 

AI-Based 
Career 
Assistance 
Models 

Improved educational guidance; 
identified benefits, challenges, and 
ethical implications of AI integration. 

 
2.1 Research gap 
Even if there have been improvements in agentic AI systems and contextual protocols, there is still a 
significant research gap in creating complete security frameworks that deal with the unique threats that 
come from their ability to adapt and act on their own. Most security systems now work with AI systems 
that are static or semi-autonomous. They don't work as well with models that can reason dynamically, 
learn from context, and make decisions on their own. There are no standardised methods for making sure 
that real-time contextual data sharing is safe, that prompt insertion or manipulation assaults don't 
happen, and that communication is reliable in contexts with several agents. Additionally, scant research 
has examined the convergence of ethical governance, data privacy, and cybersecurity concerns within 
agentic AI systems, leaving critical enquiries on accountability, transparency, and control in intricate 
decision-making frameworks unaddressed. To fill these gaps, we need research that crosses the fields of 
AI security, contextual intelligence, and adaptive governance models. These models need to be built into 
an agentic AI system to make it strong, clear, and able to handle changing cyber threats. 
 

3. RESEARCH CONTRIBUTION  
This research contributes to the growing body of work on artificial intelligence that is both secure and 
dependable by addressing key security concerns that arise during the process of developing agentic AI 
models that incorporate contextual protocols. This provides a comprehensive picture of how autonomous 
and context-aware artificial intelligence systems create new security flaws in layers of data, models, and 
communication, as well as how these systems demand proactive security solutions for circumstances in 
which decisions need to be made swiftly. In order to improve the robustness and dependability of agentic 
artificial intelligence systems, the study presents a complete architecture that integrates contextual 
security modelling, ethical governance procedures, and real-time threat mitigation methods. Furthermore, 
the contribution places an emphasis on a collection of best practices and technical safeguards, such as 
secure data exchange systems, dynamic access control, and continuous monitoring protocols that are 
pertinent to upcoming artificial intelligence architectures. In the end, our research helps to bridge the gap 
between artificial intelligence autonomy and cybersecurity by offering a methodical framework for the 
construction of agentic AI ecosystems that are transparent, secure, and morally aligned. 
 

4. RESEARCH OBJECTIVES  
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In order to identify and investigate the primary security issues that arise throughout the process of 
developing agentic artificial intelligence models that are compatible with contextual protocols.  
To investigate the nature of the additional vulnerabilities that are introduced into the data, model, and 
communication layers as a result of autonomy and contextual awareness. In agentic AI environments, the 
goal is to provide a robust security architecture that ensures the confidentiality, safety, and dependability 
of data.  
The development of adaptable defence systems that can assist in providing protection against threats such 
as quick injection, data poisoning, and model manipulation, as well as the suggestion of such systems.  
In order to make autonomous AI systems more open, responsible, and trustworthy, it is necessary to 
implement mechanisms that protect individuals' privacy and promote ethical governance.  
 
 

5. RESEARCH METHODOLOGY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.2 Research methodology 

 
For the purpose of identifying instances of cyberbullying on social media platforms, the suggested 
methodology makes use of a multimodal deep learning pipeline that is technically robust. The process 
begins with the collection of data from a variety of sources, including multilingual text posts, images 
(memes, propaganda, and infographics), and multimodal combinations (text with embedded or linked 
visuals). Therefore, in order to guarantee consistency and reproducibility, all of this information is saved 
in structured CSV and XLS forms. During the preprocessing stage, language detection, translation for 
cross-lingual consistency, tokenisation, lemmatisation, and the removal of stop words are all performed. 
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This is followed by the utilisation of contextualised models such as BERT and XLM-RoBERTa in order to 
generate embeddings that are capable of capturing nuanced hazardous language representations. During 
this process, deep convolutional neural networks (CNNs) such as ResNet50 and EfficientNet are utilised to 
resize and normalise the image data, as well as extract semantic information. Within the context of a 
transformer-based multimodal alignment module, cross-attention techniques are utilised to integrate 
textual embeddings with visual cues in order to bridge the semantic gap that exists between the various 
modalities. Because of this, joint representations are created that are able to detect bullying intent, which 
is something that is only visible when text and visuals are mixed. The movement of these combined 
features is accomplished by completely linked layers that make use of non-linear activations and dropout-
based regularisierung. A classification head is the final stage, and it employs either a softmax or sigmoid 
layer, depending on whether the task at hand is binary or multi-class (harassment, hate speech, neutral), 
depending on the nature of the tasks involved. In order to correct the class imbalance that occurs during 
training, we make use of AdamW with learning rates, weight decay, and focal loss functions that have been 
properly selected. In addition, we make use of grid or Bayesian search in order to systematically tune 
hyperparameters such as batch size, embedding dimension, dropout probability, and fusion technique. In 
conclusion, the system uses streaming application programming interfaces (APIs) and incremental 
learning updates to provide real-time inference. Because of this, it is able to maintain a level of flexibility 
that allows it to incorporate changes in vocabulary, new insults, memes, and cyberbullying terminology 
that are specific to certain fields in online debate that is driven by conflict. 
 
Dataset Used- In order to guarantee diversity, contextual richness, and real-time applicability in the 
identification of cyberbullying, the dataset that was utilised in this work was curated from social media 
corpora that represented multiple languages and multiple modes of communication. Between the months 
of January 2022 and March 2024, data collection was carried out. The data collection encompassed major 
online platforms such as Twitter (X), Facebook, Instagram, and Telegram. The primary focus was on public 
posts and comments that were associated with conflict-driven discussions, such as the war between Iran 
and Israel, the conflict between Israel and Palestine, and the war between Russia and Ukraine. 
Additionally, a generic dataset was collected that covered common social media interactions. The 
incorporation of conflict-related corpora was done with the intention of capturing highly charged and 
emotionally polarised conversations that take place in environments where cyberbullying, hate speech, 
and online harassment are particularly frequent. 
 

6. RESULT AND IMPLEMENTATION LAYOUT 
 

 
Fig.3 Performance comparison Consideration 

 
This figure presents a comparison between the effectiveness of the hybrid deep learning model that was 
proposed (which incorporates contextual transformer-based fusion) and the effectiveness of standard 
models such as CNN, RNN, and LSTM. According to the findings of the investigation, the hybrid model 
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showed improved performance in terms of precision (91%), recall (89%), and total accuracy (90%), 
exceeding baseline models by a margin of 6–10%. Because of the contextual fusion, representation 
learning is improved, which in turn reduces the number of false positives that occur in security-sensitive 
inference. Stable convergence is maintained across numerous epochs by to the deep layers' dynamic 
adaptation to multimodal data, which includes both text and visual information. It is because of this 
consistency that real-time agentic decision-making efficiency is immediately improved. 
 

 
Fig.4 Cost vs performance Consideration 

 
The graphic presented here highlights the trade-off that exists between the cost of the system and its 
performance under various computational settings. The performance of transformer-based models is 
significantly improved by 15%, despite the fact that they have a greater computational cost of 12% when 
compared to simple CNN models. During the inference step, the optimisation protocol manages to 
guarantee that the GPU is utilised effectively and that memory is allocated appropriately. On account of 
this, the hybrid contextual model is preferred in terms of cost-to-performance ratio, despite the fact that it 
has a higher operational cost. This is because it is more robust and can react to new threats more quickly. 
The optimal equilibrium is reached when the cost barrier is moderate and the accuracy is maintained at a 
level that is consistently higher than 88%. 
 

 
Fig.5 Performance metrics considerations 

This diagram illustrates a detailed comparison of metrics for a number of different security-aware models, 
including F1-score, latency, response rate, and efficiency. When compared to baseline deep networks, the 
agentic AI model that has been developed achieves an F1-score of 0.90, a reaction time of 87% efficiency, 
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and a reduction in computing burden of 12%. Through the evaluation, it is demonstrated that the 
contextual protocol is capable of effectively maintaining performance consistency under adversarial 
settings. This substantiates the protocol's applicability for environments that are both adaptive and 
privacy-preserving. These measurements provide evidence that the agentic model is capable of achieving 
optimal synergy between security and reaction. 
 
Conclusion- The developed context-aware hybrid deep learning mechanism effectively mitigates key 
security issues—data tampering, contextual misclassification, and adversarial drift—in Agentic AI 
environments. Experimental results demonstrate that the hybrid deep model achieved an F1-score of 0.90, 
system efficiency of 82%, and response time improvement of 87%, with a 12% reduction in computational 
cost over baseline architectures. The integration of transformer-based contextual fusion ensured high 
interpretability and adaptability to multi-modal data streams, particularly in dynamic environments like 
social media threat detection. Hence, the proposed architecture not only enhances accuracy and reliability 
but also establishes a scalable blueprint for secure, self-regulating AI systems capable of contextual 
awareness and adaptive response. 
 
Impact Statement- This work delivers a technically rigorous contribution to secure Agentic AI by 
proposing a multimodal, MCP-driven hybrid deep learning architecture that enhances robustness against 
adversarial manipulation in dynamic social media environments. Through transformer-based contextual 
fusion, cross-attention alignment, and security-aware optimization, the model achieves significant 
improvements in accuracy, latency reduction, and multimodal interpretability compared to conventional 
CNN/RNN baselines. The integration of contextual protocols strengthens resilience across data, model, 
and communication layers, addressing emerging threats such as prompt injection, semantic drift, and 
multimodal adversarial perturbations. The findings provide a scalable and security-centric design 
blueprint for next-generation autonomous AI systems, enabling trustworthy, real-time decision-making 
and establishing a foundation for future IEEE-standardized frameworks in AI safety, contextual 
intelligence, and adaptive cyber defense. 
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