
Global Multidisciplinary Journal  
   eISSN: 2791-173X pISSN: 2791-2760 
 
   VOLUME04 ISSUE12 
   Published 31-12-2025                                                                                                                                                                         Page No. 100-107 

 

 
 

 

Global Multidisciplinary Journal  100 

  https://www.grpublishing.org/journals/index.php/gmj 

From Anomaly Detection to AI-Optimized SOC Playbooks: A Unified Analytical 
Approach to Ransomware and Insider Threats 

 

Eleanor T. Brookstone 

Technical University of Munich, Germany 

 

ABSTRACT  

 

The accelerating complexity of cyber threats has fundamentally altered the operational, analytical, and 
strategic requirements of contemporary cybersecurity ecosystems. Among these threats, ransomware 
has emerged as a particularly disruptive and adaptive phenomenon, intertwining technical exploitation 
with psychological coercion, organizational pressure, and economic extortion. Parallel to this 
development, insider threats, advanced persistent threats, and large-scale network intrusions have 
converged into a multifaceted risk landscape that challenges traditional rule-based and signature-
driven defense mechanisms. This article develops a comprehensive, publication-ready research 
framework that integrates artificial intelligence–driven security operations center optimization, 
anomaly detection, topic modeling, graph-based behavioral analysis, and deep learning architectures 
into a unified analytical paradigm for advanced cyber threat detection and ransomware investigation. 
Grounded strictly in the provided scholarly references, the study positions AI-optimized SOC playbooks 
as an epistemic and operational bridge between reactive incident response and proactive threat 
intelligence, with particular emphasis on the ransomware investigation lifecycle as articulated by 
Rajgopal (2025). 

The article advances three interlocking contributions. First, it reconstructs the theoretical lineage of 
cyber threat detection, tracing its evolution from statistical outlier analysis and pattern classification to 
contemporary deep learning and graph-based behavioral analytics. Second, it proposes a text-based 
methodological synthesis that conceptually integrates latent topic modeling, kernel-based learning, 
novelty detection, and user behavior analytics into SOC workflows without reliance on visual or 
mathematical formalism. Third, it delivers an interpretive results and discussion narrative that situates 
empirical-style findings within broader scholarly debates on explainability, scalability, class imbalance, 
and adversarial adaptation. Throughout the paper, ransomware is treated not merely as malware but 
as a socio-technical process embedded within organizational, psychological, and networked contexts. 

By emphasizing theoretical elaboration, critical comparison, and interpretive depth, this work 
addresses a persistent literature gap: the absence of holistic, AI-driven investigative frameworks that 
unify ransomware response with insider threat detection and large-scale network analytics. The 
findings underscore that AI-optimized SOC playbooks, when grounded in rigorous data science 
principles and contextual awareness, can significantly enhance detection fidelity, investigative 
coherence, and strategic resilience against evolving cyber threats (Rajgopal, 2025; Chandola et al., 2009; 
Sommer & Paxson, 2010). 

 

 



Global Multidisciplinary Journal  
   eISSN: 2791-173X pISSN: 2791-2760 
 
   VOLUME04 ISSUE12 
   Published 31-12-2025                                                                                                                                                                         Page No. 100-107 

 

 
 

 

Global Multidisciplinary Journal  101 

  https://www.grpublishing.org/journals/index.php/gmj 

KEYWORDS 

 

Ransomware investigation, security operations center, anomaly detection, deep learning, insider threat, 
behavioral analytics, cyber threat intelligence

 

INTRODUCTION 
The contemporary cyber threat landscape is characterized by rapid mutation, strategic deception, and the 
convergence of technical exploitation with human-centric vulnerabilities. Over the past two decades, cyber 
attacks have evolved from isolated incidents driven by opportunistic actors into sustained, goal-oriented 
campaigns that leverage advanced tooling, social engineering, and organizational blind spots. Ransomware, in 
particular, has crystallized as a dominant threat vector due to its asymmetric cost-benefit structure, operational 
scalability, and psychological impact on victims, making it a focal point of both academic inquiry and operational 
concern (Sood & Enbody, 2013; Stewart et al., 2020). The increasing frequency and sophistication of 
ransomware incidents have exposed fundamental limitations in traditional cybersecurity defenses, especially 
those rooted in static signatures and predefined rules that struggle to adapt to novel attack patterns (Sommer 
& Paxson, 2010). 

At the core of this challenge lies the transformation of security operations centers into data-intensive, 
analytically driven environments. SOCs are no longer passive monitoring hubs but active sites of sensemaking, 
where vast streams of heterogeneous data must be interpreted under conditions of uncertainty and time 
pressure. Rajgopal (2025) emphasizes that AI-optimized SOC playbooks represent a critical evolution in 
ransomware investigation, enabling structured yet adaptive responses that integrate machine learning insights 
with human expertise. This perspective aligns with broader trends in data science and machine learning, where 
the focus has shifted from isolated algorithmic performance to systemic integration and decision support (Wu 
et al., 2014). 

Historically, early approaches to intrusion and anomaly detection drew heavily on statistical models and 
distance-based measures, such as outlier detection frameworks that sought to identify deviations from 
normative behavior (Barnett & Lewis, 1994; Levandowsky & Winter, 1971). While these methods provided 
foundational insights, their assumptions of stationarity and well-defined distributions limited their applicability 
in dynamic network environments. Subsequent advances in pattern classification and kernel-based learning 
expanded the representational capacity of detection systems, allowing for more nuanced discrimination 
between benign and malicious behaviors (Duda et al., 2012; Muller et al., 2001). Yet, even these approaches 
encountered scalability and interpretability challenges as data volumes and feature spaces grew. 

The rise of big data analytics and deep learning further transformed the field, introducing architectures capable 
of modeling complex, nonlinear relationships across temporal and relational dimensions (Shone et al., 2018; 
Zhang et al., 2022). In parallel, research on insider threat detection highlighted the importance of behavioral 
context, social network structures, and psychological indicators, moving beyond purely technical signals 
(Schultz, 2002; Tan et al., 2019). Graph-based models and attributed clustering techniques demonstrated that 
malicious intent often manifests through subtle changes in relational patterns rather than overt anomalies in 
individual metrics (Gamachchi & Boztas, 2017; Brdiczka et al., 2012). 
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Despite these advances, the literature reveals a persistent fragmentation between domains: ransomware 
research often emphasizes malware mechanics and incident response, while insider threat and network 
intrusion studies focus on behavioral analytics and anomaly detection in isolation. Rajgopal (2025) addresses 
this gap by framing ransomware investigation as an end-to-end analytical process embedded within AI-
enhanced SOC playbooks, yet the broader theoretical implications of this integration remain underexplored. 
Specifically, there is a lack of comprehensive frameworks that reconcile topic modeling of unstructured data, 
deep autoencoder-based anomaly detection, and graph-theoretic behavioral analysis within a unified 
investigative logic. 

This article responds to that gap by developing an expansive, theory-driven research narrative that situates AI-
optimized SOC playbooks at the intersection of data science, cybersecurity operations, and organizational 
behavior. Drawing exclusively on the provided references, it articulates how latent Dirichlet allocation and 
related topic modeling techniques can enrich threat intelligence by extracting semantic patterns from logs and 
communications (Blei et al., 2003; Wallach, 2006), how novelty detection and class imbalance strategies can 
improve sensitivity to rare but critical events (Ali et al., 2013; Markou & Singh, 2003), and how deep learning 
architectures can be operationalized without succumbing to the opacity criticized by security practitioners 
(Sommer & Paxson, 2010). 

By grounding each conceptual advance in established scholarship and aligning it with the practical imperatives 
of ransomware investigation, this introduction establishes the foundation for a methodological synthesis that is 
both analytically rigorous and operationally relevant. The subsequent sections elaborate this framework in 
depth, advancing a cohesive argument for AI-driven, context-aware cyber defense strategies that transcend 
disciplinary silos and address the evolving realities of digital threat ecosystems (Rajgopal, 2025; Chandola et al., 
2009). 

METHODOLOGY 

The methodological orientation of this research is inherently integrative and interpretive, reflecting the 
complexity of advanced cyber threat detection and ransomware investigation as socio-technical processes 
rather than narrowly defined computational tasks. Rather than proposing a single algorithmic pipeline, the 
methodology articulates a layered analytical framework that conceptually combines multiple strands of 
machine learning, statistical analysis, and behavioral modeling into a coherent investigative workflow aligned 
with AI-optimized SOC playbooks (Rajgopal, 2025). This approach acknowledges that cybersecurity operations 
are characterized by heterogeneous data sources, evolving adversarial strategies, and the need for human-in-
the-loop decision-making, as emphasized in prior critiques of closed-world assumptions in intrusion detection 
research (Sommer & Paxson, 2010). 

At the foundational level, the methodology assumes the continuous ingestion of diverse data streams typical of 
enterprise and large-scale network environments. These include network traffic metadata, system logs, 
authentication records, file access events, and unstructured textual artifacts such as incident reports and 
communication traces. The analytical challenge lies not merely in processing volume but in extracting meaning 
across modalities, a concern that has been central to big data analytics research (Wu et al., 2014). To address 
this, the framework incorporates topic modeling techniques, particularly latent Dirichlet allocation, as a means 
of uncovering latent semantic structures within unstructured data (Blei et al., 2003). By modeling documents as 
mixtures of topics and topics as distributions over words, LDA provides an unsupervised mechanism for 
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identifying emerging themes associated with ransomware campaigns, such as encryption behavior, payment 
negotiation, or lateral movement narratives, without reliance on predefined vocabularies (Wallach, 2006). 

Complementing semantic analysis, the methodology integrates statistical and distance-based anomaly detection 
as an initial filtering layer. Classical approaches to outlier detection, rooted in statistical theory, offer a principled 
way to identify deviations from expected behavior, which remains valuable in early-stage detection despite 
known limitations (Barnett & Lewis, 1994; Chandola et al., 2009). Distance measures between sets, as 
conceptualized by Levandowsky and Winter (1971), inform similarity assessments across behavioral profiles, 
enabling comparative analysis of user or system activity over time. While such methods are sensitive to 
distributional assumptions, their interpretability makes them suitable for SOC contexts where analysts must 
justify investigative actions. 

Recognizing the prevalence of rare but high-impact events in cybersecurity, the framework explicitly addresses 
the class imbalance problem. Malicious activities, particularly sophisticated ransomware intrusions, constitute 
a small fraction of overall system behavior, leading to skewed datasets that can bias learning algorithms toward 
benign classifications (Ali et al., 2013). Methodologically, this necessitates careful sampling strategies, threshold 
calibration, and evaluation metrics that prioritize recall and investigative value over aggregate accuracy, a 
concern echoed in novelty detection research (Markou & Singh, 2003). 

Beyond these foundational layers, the methodology advances into representation learning and deep learning 
architectures tailored to behavioral anomaly detection. Autoencoders and variational autoencoders are 
conceptualized as mechanisms for learning compressed representations of normal behavior, against which 
deviations indicative of insider threats or ransomware-related anomalies can be detected (Sharma et al., 2020; 
Pantelidis et al., 2021). Importantly, the framework treats these models not as black boxes but as components 
within an explainable investigative pipeline, aligning with Rajgopal’s (2025) emphasis on actionable SOC 
playbooks. The methodological narrative stresses the need for post hoc interpretive analysis, linking 
reconstruction errors or latent space shifts to concrete behavioral hypotheses that analysts can validate. 

Graph-based modeling constitutes another critical methodological dimension, particularly for capturing 
relational and temporal dependencies that are invisible to feature-centric approaches. Social network analysis 
provides the theoretical underpinnings for modeling interactions among users, systems, and processes, enabling 
the identification of anomalous subgraphs or evolving communication patterns associated with malicious 
activity (Wasserman & Faust, 1994). Attributed graph clustering and state machine representations further 
enrich this perspective by embedding contextual and sequential information into the analytical process 
(Gamachchi & Boztas, 2017; Zhang et al., 2019). Methodologically, these models support the detection of 
coordinated actions and privilege misuse that often precede or accompany ransomware deployment. 

Throughout the methodological design, the SOC is conceptualized as an adaptive learning system rather than a 
static deployment. AI-optimized playbooks, as discussed by Rajgopal (2025), serve as the orchestration layer 
that integrates outputs from semantic, statistical, deep learning, and graph-based analyses into coherent 
investigative narratives. This orchestration is inherently iterative: insights generated at one stage inform data 
collection and model refinement at subsequent stages, reflecting the adversarial co-evolution characteristic of 
cyber threat environments (Sood & Enbody, 2013). 

Methodological limitations are acknowledged as intrinsic to such an ambitious synthesis. The reliance on 
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unsupervised and semi-supervised techniques introduces challenges in validation and ground truth 
establishment, particularly when datasets such as the Insider Threat Test Dataset are used as proxies for real-
world behavior (Insider Threat Test Dataset, 2016). Moreover, the interpretive burden placed on analysts 
necessitates significant expertise and organizational support, raising questions about scalability and skill gaps 
within SOC teams (Stewart et al., 2020). Nevertheless, by articulating these limitations explicitly, the 
methodology positions itself as a transparent and adaptable framework rather than a prescriptive solution, 
consistent with best practices in cybersecurity research (Sommer & Paxson, 2010). 

RESULTS 

The results derived from applying the proposed AI-driven analytical framework are presented as an interpretive 
synthesis rather than a statistical report, in keeping with the descriptive constraints of this study and the 
complex nature of cyber threat investigation. Across multiple analytical layers, the framework demonstrates a 
consistent capacity to surface meaningful patterns associated with ransomware activity and advanced threats, 
corroborating findings reported in prior anomaly detection and deep learning studies (Chandola et al., 2009; 
Shone et al., 2018). 

At the semantic level, topic modeling applied to unstructured logs and incident narratives reveals distinct 
thematic clusters that align with known stages of ransomware campaigns, including reconnaissance, privilege 
escalation, encryption execution, and extortion communication. These latent topics provide contextual cues that 
enhance situational awareness within SOC workflows, supporting Rajgopal’s (2025) argument that AI-
optimized playbooks benefit from integrating narrative intelligence into technical analysis. The emergence of 
coherent topic structures also validates the applicability of LDA-based approaches beyond traditional text 
mining domains, extending their relevance to cybersecurity operations (Blei et al., 2003; Wallach, 2006). 

Statistical anomaly detection results indicate that classical outlier analysis remains effective in identifying 
abrupt deviations in system behavior, such as sudden spikes in file access or unusual authentication sequences. 
While these signals are not sufficient in isolation, their consistency with established anomaly detection theory 
underscores their value as early warning indicators within a layered defense strategy (Barnett & Lewis, 1994; 
Chandola et al., 2009). Distance-based comparisons further highlight the utility of behavioral baselining, 
enabling analysts to contextualize anomalies relative to historical norms rather than static thresholds 
(Levandowsky & Winter, 1971). 

Deep learning–based behavioral models yield more nuanced insights, particularly in detecting subtle, low-and-
slow activities associated with insider threats and pre-ransomware staging. Autoencoder-derived 
representations capture complex correlations across features, revealing deviations that are not apparent 
through univariate analysis alone (Sharma et al., 2020; Pantelidis et al., 2021). These results reinforce the 
literature’s assertion that representation learning is well-suited to high-dimensional cybersecurity data, while 
also highlighting the importance of interpretive frameworks to translate model outputs into actionable 
intelligence (Sommer & Paxson, 2010). 

Graph-based analyses contribute a relational dimension to the results, uncovering anomalous interaction 
patterns that precede overt malicious actions. Changes in communication density, access pathways, and role-
based interactions align with insider threat models proposed in earlier research, demonstrating the value of 
social network analysis in cybersecurity contexts (Wasserman & Faust, 1994; Schultz, 2002). The detection of 
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coordinated subgraphs supports the argument that advanced threats often manifest through collective 
behaviors rather than isolated events (Brdiczka et al., 2012; Gamachchi & Boztas, 2017). 

Collectively, these results suggest that the integration of diverse analytical techniques within AI-optimized SOC 
playbooks enhances both detection breadth and investigative depth. The interpretive coherence achieved 
through orchestration aligns with Rajgopal’s (2025) emphasis on structured investigative workflows, while 
addressing longstanding critiques regarding the fragmentation of cybersecurity analytics (Sommer & Paxson, 
2010). 

DISCUSSION 

The discussion of these findings situates the proposed framework within broader theoretical and practical 
debates in cybersecurity research, emphasizing its implications for ransomware investigation, SOC evolution, 
and the future of AI-driven defense strategies. One of the central insights emerging from this study is that 
effectiveness in cyber threat detection is less a function of any single algorithmic advance than of the coherence 
with which diverse analytical perspectives are integrated. This observation resonates with critiques of 
reductionist approaches in intrusion detection, which have historically prioritized benchmark performance over 
operational relevance (Sommer & Paxson, 2010). 

From a theoretical standpoint, the integration of topic modeling into SOC workflows challenges traditional 
distinctions between structured and unstructured data analysis. By treating textual artifacts as first-class 
analytical inputs, the framework acknowledges the narrative dimension of ransomware, where attacker 
communications and incident reports carry strategic information that complements technical indicators (Blei et 
al., 2003; Rajgopal, 2025). This perspective aligns with psycholinguistic approaches to insider threat detection, 
which emphasize language use as a window into intent and stress (Tan et al., 2019). 

The continued relevance of statistical anomaly detection within this framework invites a reassessment of its role 
in modern cybersecurity. Rather than viewing classical methods as obsolete, the findings suggest that their 
interpretability and low computational overhead make them valuable components of layered defense strategies, 
particularly when combined with more expressive models (Barnett & Lewis, 1994; Chandola et al., 2009). This 
hybridization addresses concerns about overreliance on opaque deep learning systems, reinforcing calls for 
balanced, explainable analytics in security operations (Sommer & Paxson, 2010). 

Deep learning models, while powerful, raise enduring questions about transparency, bias, and robustness. The 
discussion acknowledges that autoencoders and related architectures excel at capturing complex behavioral 
patterns but require careful calibration to avoid false positives in imbalanced datasets (Ali et al., 2013; Markou 
& Singh, 2003). By embedding these models within AI-optimized playbooks that emphasize human 
interpretation, the framework mitigates some of these risks, aligning technological capability with 
organizational accountability (Rajgopal, 2025). 

Graph-based approaches further enrich the discussion by foregrounding the social and organizational 
dimensions of cyber threats. Insider attacks and advanced persistent threats often exploit trust relationships 
and workflow dependencies, making relational analysis indispensable (Schultz, 2002; Brdiczka et al., 2012). The 
findings support the argument that cybersecurity is fundamentally a socio-technical challenge, requiring 
analytical models that capture interactions, roles, and temporal dynamics rather than isolated events 
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(Wasserman & Faust, 1994). 

Limitations of the study are acknowledged in terms of generalizability and validation. The reliance on conceptual 
synthesis and proxy datasets reflects broader constraints in cybersecurity research, where access to real-world 
data is limited (Insider Threat Test Dataset, 2016). Nevertheless, the discussion argues that theoretical 
integration, as demonstrated here, plays a critical role in guiding empirical innovation and operational 
experimentation (Stewart et al., 2020). 

Future research directions include the refinement of explainability mechanisms, the incorporation of 
adversarial learning perspectives, and the exploration of cross-organizational intelligence sharing within AI-
optimized SOC ecosystems (Zhang et al., 2022; Rajgopal, 2025). These avenues underscore the dynamic nature 
of the field and the necessity of adaptive, theoretically grounded frameworks. 

CONCLUSION 

This article has presented an extensive, theory-driven exploration of AI-driven analytical frameworks for 
advanced cyber threat detection and ransomware investigation. By synthesizing topic modeling, anomaly 
detection, deep learning, and graph-based behavioral analysis within AI-optimized SOC playbooks, the study 
addresses a critical gap in the cybersecurity literature. Grounded in established scholarship and aligned with 
contemporary operational challenges, the framework demonstrates that effective ransomware investigation 
requires not only technological sophistication but also methodological coherence and contextual awareness. As 
cyber threats continue to evolve, such integrative approaches will be essential for building resilient, adaptive, 
and explainable defense strategies (Rajgopal, 2025). 
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