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ABSTRACT

The evolution of computing paradigms has witnessed a paradigmatic shift from centralized cloud infrastructures toward distributed, edge-centric architectures that enable low-latency, context-aware, and resource-efficient services. Edge computing, a pivotal component of this continuum, promises transformative capabilities in the domains of the Internet of Things (IoT), real-time analytics, and pervasive artificial intelligence applications. This paper provides a comprehensive, scholarly exploration of edge-native computing paradigms, serverless function deployment across the edge-cloud continuum, and the orchestration mechanisms underpinning these environments. Leveraging an extensive corpus of contemporary research, the study delineates theoretical foundations, architectural frameworks, and methodological approaches to optimize service placement, mobility-aware computing, and energy efficiency within distributed ecosystems. Furthermore, critical discussion is provided on the security, reliability, and scalability challenges inherent in edge-native deployments. By synthesizing perspectives from seminal research (Shi et al., 2016; Khan et al., 2019; Cao et al., 2020) and recent technological initiatives, this work highlights opportunities for the convergence of cloud-native principles with edge computing strategies. The paper emphasizes the role of predictive orchestration, function-as-a-service (FaaS) paradigms, and AI-driven resource allocation in facilitating a responsive, resilient, and context-sensitive computing continuum. The theoretical insights presented aim to inform the design of next-generation platforms that integrate cognitive, autonomous, and human-centric capabilities while addressing the practical constraints imposed by latency, bandwidth, and mobility. Finally, the study identifies gaps in current literature, proposing avenues for rigorous experimental validation and cross-disciplinary collaboration to advance the frontiers of edge computing research.
Keywords: Edge computing, serverless computing, cloud-edge continuum, edge-native applications, orchestration, mobility-aware computing, IoT platforms.


INTRODUCTION
The relentless proliferation of connected devices and the concomitant surge in real-time data generation have rendered traditional centralized cloud infrastructures insufficient for meeting the stringent latency, bandwidth, and context-awareness demands of contemporary applications. Edge computing emerges as a strategic response, providing distributed computational resources proximal to data sources and end users (Shi et al., 2016). By relocating processing, storage, and analytics capabilities closer to the network periphery, edge computing mitigates latency bottlenecks, enhances data privacy, and enables dynamic context-aware applications essential for industrial IoT, autonomous systems, and smart city deployments (Cao et al., 2020; HaddadPajouh et al., 2019).
Historically, the conceptual underpinnings of edge computing can be traced to paradigms such as fog computing and distributed intelligence frameworks, which sought to decentralize cloud services while maintaining coordination across heterogeneous devices (Mao et al., 2017). The distinction between fog and edge computing primarily lies in the scope and granularity of computational distribution, with edge computing emphasizing proximity and real-time responsiveness. This decentralization has given rise to edge-native applications—software systems designed from inception to leverage edge infrastructures effectively, contrasting with the retrofitting of traditional cloud-native applications (Satyanarayanan et al., 2019). Such applications necessitate novel design patterns, encompassing microservice architectures, containerization, and function-as-a-service paradigms to ensure operational efficiency across distributed nodes.
Recent advances in serverless computing have further transformed the cloud-edge continuum by enabling dynamic function deployment and event-driven execution without requiring explicit resource management (Azeez et al., 2020). Serverless paradigms, initially popularized in centralized cloud environments through platforms like AWS Lambda, OpenFaaS, and Google Cloud Functions, are increasingly being adapted to edge contexts to support elastic, low-latency applications (OpenFaaS; AWS Lambda; Google Cloud Functions). The integration of serverless models into edge architectures introduces unique challenges, including mobility-aware function migration, predictive orchestration, and energy-efficient resource allocation, which are critical for the heterogeneous and often constrained environments typical of edge deployments (Xu et al., 2022; Chen et al., 2022).
Despite the technological promise, several challenges remain underexplored in current literature. Security and trust management at the edge, including data confidentiality, integrity, and decentralized authentication mechanisms, present persistent obstacles (Zeyu et al., 2020). Furthermore, the orchestration of containerized and serverless services across edge nodes, while maintaining quality-of-service guarantees, remains an open research problem (Morabito et al., 2017; Zhong et al., 2022). Additionally, the convergence of networking and computing resources in the cloud-edge continuum requires robust frameworks for latency prediction, resource scheduling, and adaptive service placement (Duan et al., 2020).
This paper addresses these gaps by providing a holistic examination of edge-native and serverless computing strategies, with a particular focus on the orchestration and deployment mechanisms that underpin performance, reliability, and energy efficiency. By integrating insights from seminal research (Shi et al., 2016), contemporary surveys (Khan et al., 2019), and emerging EU-funded initiatives such as aerOS and ASSIST-IoT, the study articulates a theoretical foundation for the design and evaluation of next-generation edge computing platforms. In doing so, it advances the scholarly discourse on the cloud-edge continuum, offering a roadmap for both practical implementation and future research.
METHODOLOGY
This study employs a qualitative, theory-driven methodology to examine the architectures, orchestration mechanisms, and operational paradigms of edge-native computing systems. The approach integrates an exhaustive review of peer-reviewed literature, technical reports, and active research projects within the European and global computing ecosystems (Shi et al., 2016; Cao et al., 2020). The research framework is structured around three principal axes: architectural analysis, orchestration strategies, and service-level optimization.
The architectural analysis encompasses an in-depth examination of edge computing topologies, including hierarchical, decentralized, and hybrid models. Hierarchical architectures leverage multi-tier structures, connecting cloud data centers with edge microdata centers and end-user devices to balance computational load and minimize latency (HaddadPajouh et al., 2019). Decentralized models prioritize distributed intelligence at the network periphery, enabling local decision-making and reducing dependency on centralized infrastructure (Mao et al., 2017). Hybrid architectures integrate both approaches, facilitating flexible service deployment and fault-tolerant operation across heterogeneous nodes.
The orchestration strategy component investigates the deployment, scheduling, and migration of edge-native services, emphasizing containerization and function-as-a-service paradigms. Predictive orchestration frameworks, informed by machine learning algorithms, are evaluated for their capacity to optimize function placement, resource allocation, and mobility-aware service migration (Xu et al., 2022; Zhong et al., 2022). Additionally, energy-efficient computation models, including game-theoretic and reinforcement learning approaches, are assessed for their role in minimizing operational overhead while maintaining performance standards (Chen et al., 2022).
Service-level optimization is analyzed through qualitative synthesis of latency reduction, throughput enhancement, and reliability assurance mechanisms. Metrics for evaluation are derived from experimental studies in clustered edge environments, accounting for the stochastic variability of workload, mobility patterns, and network conditions (Morabito et al., 2017; Duan et al., 2020). The methodological framework acknowledges inherent limitations, including variability across hardware platforms, network topologies, and application domains, emphasizing the need for adaptable and generalized orchestration strategies.
Finally, the research methodology incorporates a comparative analysis of serverless edge deployments, highlighting the integration of FaaS models in resource-constrained edge nodes and their orchestration across the cloud-edge continuum (Azeez et al., 2020; Aslanpour et al., 2021). This includes an assessment of workflow modeling, spatio-temporal function placement, and trace-driven simulation approaches to predict system behavior under dynamic workloads (Raith et al., 2023). Limitations of the methodology include the absence of live experimental deployments for validation; however, the study synthesizes findings from multiple empirical and simulation-based investigations to derive robust theoretical insights.
RESULTS
The synthesis of the literature reveals several critical findings regarding the architecture, orchestration, and operational efficacy of edge-native and serverless computing environments. Firstly, hierarchical and hybrid architectures demonstrate superior latency reduction and resource utilization compared to purely centralized models, enabling context-aware applications such as autonomous vehicle control, industrial automation, and smart city systems (HaddadPajouh et al., 2019; Shi et al., 2016). Edge-native applications benefit from microservice-based modularization, which enhances scalability, fault tolerance, and ease of deployment in distributed settings (Satyanarayanan et al., 2019).
Secondly, predictive orchestration frameworks utilizing machine learning and probabilistic modeling significantly improve the efficiency of function placement, mobility-aware migration, and workload balancing across heterogeneous nodes (Xu et al., 2022). Deep reinforcement learning models applied to mobile edge computing systems provide notable energy savings without compromising performance, indicating the feasibility of intelligent, autonomous orchestration mechanisms (Chen et al., 2022).
Serverless function deployment in edge environments offers additional flexibility and elasticity, with dynamic instantiation and execution enabling event-driven applications that respond rapidly to contextual stimuli (Azeez et al., 2020; OpenFaaS). However, challenges persist in ensuring consistent quality-of-service, particularly in scenarios involving high node mobility, intermittent connectivity, and constrained computational resources (Raith et al., 2023; Aslanpour et al., 2021). Trace-driven simulations suggest that careful spatio-temporal placement of functions can mitigate these limitations, optimizing latency and throughput while balancing energy consumption (Raith et al., 2023).
Security emerges as a pivotal concern, with survey studies indicating that edge-native deployments are particularly susceptible to data breaches, unauthorized access, and distributed denial-of-service attacks due to the distributed nature of the infrastructure (Zeyu et al., 2020). Advanced cryptographic protocols, decentralized authentication mechanisms, and blockchain-based trust management are proposed as potential mitigations, though they introduce additional computational overhead that must be carefully balanced against latency and energy constraints.
DISCUSSION
The findings underscore the transformative potential of edge-native computing, particularly when integrated with cloud-native principles and serverless orchestration paradigms. Edge-native applications exemplify a shift from reactive, cloud-centric processing toward proactive, context-aware computation, emphasizing the strategic value of proximity to data sources (Shi et al., 2016). Theoretical frameworks suggest that hierarchical and hybrid architectures provide optimal trade-offs between latency, resource utilization, and system resilience, with implications for both industrial and consumer-oriented applications (Cao et al., 2020; HaddadPajouh et al., 2019).
From a scholarly perspective, the convergence of edge and cloud computing represents a continuum of computational capabilities, wherein predictive orchestration and AI-driven resource management emerge as essential mechanisms for maintaining service quality in dynamic, heterogeneous environments (Zhong et al., 2022; Chen et al., 2022). The literature indicates that function-as-a-service paradigms, when applied to edge infrastructures, enable a more granular and elastic allocation of resources, supporting a wide range of applications from smart healthcare to vehicular networks (Azeez et al., 2020; Xu et al., 2022).
Security and trust remain formidable challenges, particularly in multi-tenant edge environments where resource contention, mobility, and heterogeneity exacerbate vulnerability (Zeyu et al., 2020). Despite proposals for cryptographic, blockchain, and decentralized trust frameworks, empirical validation remains limited. Future research must balance security with latency and energy constraints, particularly for mission-critical applications such as autonomous vehicles, remote surgery, and industrial automation.
The literature also highlights the significance of EU-funded initiatives such as aerOS, ASSIST-IoT, and EUCloudEdgeIoT in advancing practical implementations of edge-native platforms, emphasizing interoperability, cognitive capabilities, and autonomous orchestration across the edge-cloud continuum (European Commission, 2023). These projects offer valuable insights into the design of scalable, resilient, and human-centric systems capable of adapting to dynamic network conditions and heterogeneous workloads.
Additionally, the integration of predictive analytics and machine learning in function orchestration enables adaptive service placement and workload balancing, addressing both mobility and energy-efficiency challenges (Chen et al., 2022; Raith et al., 2023). This aligns with broader research advocating the adoption of AI-driven orchestration frameworks to improve system responsiveness and resource optimization.
Counter-arguments in the literature question the scalability and generalizability of serverless paradigms in edge contexts, noting that resource-constrained nodes and intermittent connectivity may limit the practical applicability of event-driven function execution (Aslanpour et al., 2021). Moreover, while trace-driven simulation frameworks provide valuable predictive insights, the absence of extensive empirical validation in real-world deployments limits the conclusiveness of current findings (Raith et al., 2023).
The discussion also foregrounds the importance of harmonizing technological advances with policy and regulatory considerations, particularly in Europe, where initiatives such as the Digital Strategy for IoT emphasize data sovereignty, interoperability, and ethical deployment of edge computing systems (European Commission, 2023). Integrating these socio-technical dimensions is critical for ensuring that technological innovation is aligned with societal, economic, and ethical imperatives.
Future research directions should focus on the systematic experimental evaluation of edge-native and serverless deployments across diverse application domains, the development of standardized orchestration frameworks, and the exploration of hybrid AI-driven approaches for predictive service management. Interdisciplinary collaboration, encompassing computer science, network engineering, data ethics, and policy analysis, will be essential for advancing the field and ensuring the sustainable adoption of edge-native paradigms.
CONCLUSION
Edge computing represents a foundational shift in the architecture of contemporary computing, offering unprecedented opportunities for latency-sensitive, context-aware, and energy-efficient applications. This paper has examined the theoretical and practical dimensions of edge-native and serverless computing, emphasizing architectural paradigms, orchestration strategies, security considerations, and emerging EU initiatives. By integrating insights from seminal and contemporary literature, the study highlights the critical role of predictive orchestration, mobility-aware service migration, and AI-driven resource management in optimizing the cloud-edge continuum.
While challenges persist in security, scalability, and empirical validation, the synthesis of current research indicates a clear trajectory toward cognitive, autonomous, and human-centric edge-native platforms. The findings underscore the necessity for continued scholarly exploration, cross-disciplinary collaboration, and practical experimentation to realize the full potential of edge-native and serverless computing paradigms.
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