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Abstract
The integration of Edge AI into 6G networks marks a technological shift for enabling ultra-low latency, high adaptability, and intelligent selection-making within complex future networks. Such technologies respond in real-time to extreme command challenges—autonomous systems, remote surgeries, industrial automation, etc. Still, there is no existing edge or cloud-based AI solution that meets the extreme adaptability and ultra low latency requirements of 6G. This paper proposes a solution to these challenges using Distributed Intelligent Post-Edge Learning and Inference for 6G Ecosystems (DIPLAI-6G), a new hybrid AI system in which the intelligence is distributed at the Near-Device, Post-Edge, and Core Intelligence levels. It employs a federated learning approach for decentralized training, knowledge distillation for model compression, and dynamic task allocation for Inter-Network Layer Silo LASER (Latency-Aware Orchestration Algorithm) scheduling. The framework enables responsive, privacy-compliant, and optimal decision processes in diverse 6G scenarios. Simulation results demonstrate that DIPLAI-6G significantly reduces end-to-end latency, achieves higher accuracy, and improves reliability in mobile and dynamic network environments when compared to traditional edge and cloud-based alternatives. The proposed approach results in a robust, intelligent, and flexible framework that meets the 6G application demands with tolerable latency requirements.
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1. Introduction
The move toward 6G communication networks is being driven by the need for sophisticated, ultra-responsive scalable infrastructures equipped to manage real-time, mission-critical applications. From remote surgeries and immersive extended reality (XR) to autonomous transportation systems and industrial robots, these applications need not only ultra-low latency but also powerful and intelligent decision-making abilities at every level of the network [1]. As 5G advances, it is abundantly evident that centralized cloud computing models and standard edge artificial intelligence architectures cannot satisfy the specific performance and intelligence requirements projected in the 6G era [13]. 
Rising as a main driver of real-time data processing, edge computing moves computation closer to the data source hence reducing latency. Still, even the most advanced edge artificial intelligence systems are limited by restrictions in processing power, energy economy, and contextual learning capabilities [2][18]. These constraints become more obvious in situations of significant user mobility, ultra-dense device deployments, and dynamic network environments. As such, privacy concerns. bandwidth limitations, and latency sensitivity become top concerns that. subsequently. become. degrading system performance and responsiveness [22].
Generally relying on centralized cloud computing, traditional artificial intelligence systems produce high latency from far-distance data transportation and centralized inference [3][14]. On the other hand, pure edge-based solutions lack the intelligence needed for hard judgments due to their resource constraints [15][16]. These challenges call for a paradigm shift towards a more distributed, resilient, intelligent AI architecture that not only addresses latency but also continues to adapt to changing network conditions and user environments [4].
This paper presents the concept of Post-Edge AI, a breakthrough over conventional edge AI, which redefines the allocation of intelligence throughout the communication hierarchy, thereby bridging this gap. Inspired by this concept, we introduce DIPLAI-6G (Distributed Intelligent Post-Edge Learning and Inference for 6G Ecosystems), a new hybrid artificial intelligence system tailored to next-generation networks [5][17]. DIPLAI-6G breaks the monolithic AI deployment model with its dissemination of processing and decision-making across three tiers: Near-Device Intelligence, Post-Edge Intelligence, and Core Intelligence. Three key principles constitute DIPLAI-6G. Firstly, it maintains the privacy of users with federated learning in order to provide decentralised model training, thereby localising data. Secondly, it applies knowledge distillation to allow light-weight, resource-constrained nodes and devices to execute on them efficient artificial intelligence models [6]. Thirdly, a Latency-Aware Orchestration Algorithm (LAOA) dynamically manages task allocation across the network layers based on latency budgets, device capabilities, and application urgency [18]. 
This architecture dynamically transfers inference and learning responsibilities to the most suitable layer of the network, therefore allowing the system to generate intelligent decisions in real-time. For example, Near-Device Intelligence performs immediate collision avoidance, Post-Edge Intelligence examines the surroundings, and Core Intelligence employs big-scale traffic data to deliberately maximize a path in an autonomous driving environment [7]. This multi-layered intelligence provides perfect collaboration among distant agents as well as increases overall network resilience and efficiency [19]. 
The DIPLAI-6G architecture allows a wide range of 6G use cases including but not limited to autonomous cars, smart healthcare, real-time industrial automation, and immersive AR/VR apps. Apart from lowered end-to----end latency and enhanced inference accuracy, the system displays enhanced robustness under high-mobility and volatile network conditions by means of simulations [8]. All things considered, DIPLAi-6G fills the main gaps in present artificial intelligence deployment models by introducing a scalable and flexible framework appropriate for the requirements of 6G. The way dispersed, high-performance communication networks build and convey intelligence marks a basic transformation [20]. 
Motivation: The shift to 6G requires a paradigm change in AI deployment if we are to provide ultra-low latency and intelligent, real-time decision-making in dynamic environments [21]. Concerning responsiveness, scalability, and flexibility, conventional edge and cloud models fall short. Inspired by DIPLAI-6G, post-edge artificial intelligence enables next-generation applications by means of context-aware, distributed, and latency-resilient intelligence, therefore helping to spread artificial intelligence across the network to overcome limitations.
Problem statement: Current cloud-centric and edge-based AI models are not enough for 6G networks due to limits in latency, scalability, and intelligent context adaptability mean. While centralized inference generates limits, traditional edge devices lack sufficient processing capacity and flexibility. These constraints affect the reliability and real-time performance required for systems of missions-critical nature. A new, distributed artificial intelligence framework is critically needed across various 6G contexts to allow adaptive, privacy-preserving, and economical decision-making.
Contribution of this paper,
· Integrated Near-Device, Post-Edge, and Core Intelligence layers provide DIPLAi-6G, a distributed artificial intelligence system, latency-optimized decision-making in 6G networks. 
· Dynamic assignment of AI tasks based on network conditions, device capabilities, and real-time performance demands utilizing a LAOA is developed. 
· The proposed framework is tested in terms of latency reduction, inference accuracy, and robustness under dynamic 6G conditions—showing greater performance than standard designs—by means of simulations.
The upcoming section is as follows: section 2 deliberates the related works, section 3 examines the proposed methodology, section 4 describes the results and discussion and section 5 concludes the overall paper work.
2. Related work
Emphasizing intelligent decision-making, smart city integration, and addressing the growing connectivity concerns, artificial intelligence-driven solutions, and efficient resource management for mission-critical applications in next-generation systems, this paper explores the evolution of advanced frameworks for 6G networks.
IDM (Intelligent Decision Making)
This paper proposes an Intelligent Decision Making (IDM) framework for 6G networks based on Reinforcement Learning (RL) models, meant as a network brain. The IDM architecture increases the flexibility of 6G systems to upcoming breakthroughs by enabling autonomous intelligence evolution capabilities within them [9]. The essay along with simulation results and application scenarios shows the universality and efficacy of the framework. Applications of IDM enable cognitive intelligence in 6G networks, therefore ensuring enhanced decision-making and self-learning capability. The method makes network autonomy more autonomous and helps it to constantly adapt to new network conditions. 
Smart6G (Smart City-Enabled 6G)
The major focus of this study is the development of 6G networks to support smart city applications. Combining applications, middleware, technologies, and 6G systems gives a whole picture capable of processing, communication, coordination, and decision-making. From 1G to 6G, the research tracks the evolution of wireless networks and stresses the role artificial intelligence-enabled models enable to facilitate this change [10]. It also suggests future paths of 6G networks and covers the criteria of smart city applications. This will provide for new technologies in smart cities stable and efficient connectivity.
6G-Vision (6G Visionary Architecture)
Due to applications such the Internet of Everything (IoE), V2X communications, and industrial automation, this paper explores the altering era brought about by 6G wireless networks with an eye on growing demands caused by these technologies. It looks at the 6G objective to deliver enhanced mobile broadband along with low-latency, ultra-reliable connection [11]. This paper addresses technological concerns of 6G including artificial intelligence integration, virtualization, network slicing, and softwarization. Key to 6G's success, it also begs future problems on architecture, spectrum, and security and offers new possibilities including artificial intelligence-aware networking and dynamic resource management.
6G-Megatrends (6G Megatrends Evolution)
The next megatrend most likely to influence 6G technology is post-pandemic rising desire for immersive virtual experiences, industrial automation, robotics, and autonomous driving. We address important performance indicators (KPIs) required to meet the rising performance demands of 6G applications [12]. Important fields of research include advances in machine learning, edge intelligence, and sustainability goals underlie the effort. It clarifies how 6G might transcend the limitations of 5G and enhance real-time communication, therefore paving the road for a transformative communication ecosystem covering many different disciplines.
Table 1: Overview of existing method
	Paper Title
	Proposed Method Name
	Acronym
	Description

	Intelligent Decision Making (IDM) Framework for 6G Networks
	Intelligent Decision Making (IDM) Framework
	IDM
	A network brain based on Reinforcement Learning models to empower autonomous intelligence evolution, enabling cognitive decision-making and self-learning in 6G networks.

	6G Network Design for Smart Cities
	Smart City-Enabled 6G Framework
	Smart6G
	A holistic 6G network design for smart cities, integrating applications, middleware, and technologies to create an intelligent ecosystem for computing, communication, and decision-making.

	Challenges and Solutions in 6G Networks
	6G Visionary Architecture (6G-Vision)
	6G-Vision
	A framework addressing the challenges and solutions in 6G networks, incorporating AI, network slicing, and resource management to enhance reliability, latency, and performance.

	Perspectives and Future Megatrends for 6G
	6G Megatrends Evolution Framework
	6G-Megatrends
	A framework exploring future megatrends driving 6G, including immersive experiences, robotics, and autonomous systems, while emphasizing sustainability and edge intelligence.



From autonomous intelligence to smart city connectivity and AI-enhanced services, the designed frameworks—IDM, Smart6G, 6G-Vision, and 6G-Megatrends—address the evolving demands of 6G networks. These approaches aim to overcome significant challenges thus ensuring reliability, scalability, and efficiency in next network systems.
3. Proposed method
This paper discuss the architectural and operational concepts of the DIPLAI-6G framework, intended to facilitate ultra-low latency, intelligent processing in 6G networks. Emphasizing how many layers cooperate to maximize decision-making, the first figure describes the tiered system of artificial intelligence distribution—Near-Device, Post-Edge, and Core Intelligence. Emphasizing work flow, the second figure depicts how dynamically the Latency-Aware Orchestration Algorithm (LAOA) distributes data and computational burdens. These graphs taken together show very clearly how DIPLAi-6G accomplishes scalability, speed, and flexibility.
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Figure 1: Layered Intelligence in Action
Emphasizing its distributed character across three hierarchical layers—Near-Device Intelligence, Post-Edge Processing, and Core Intelligence. Figure 1 shows the architectural structure of the DIPLAI-6G design. Every layer uses scalability, latency, and context-aware inference to best advantage. Near-Device Intelligence regulates quick, real-time tasks include gesture recognition in AR systems or obstacle detection in autonomous cars. Post-edge processing does local model updates, context interpretation, and intermediate analytics clustered nearer the data source than centralized clouds. Usually housed in centralized data centers, the Core Intelligence layer manages extensive training initiatives, data gathering, and long-term learning plans. Along with forward data, these layers link to provide dynamic feedback, insight, and distribution of decisions. Distribution of intelligence guarantees that important choices are made near the data source while maintaining the potential for learning and optimization over time, therefore satisfying the latency and performance requirements of 6G systems.

With an  extra normalizing factor  the equation 1,  reflects a balanced weighting of edges and non-edge slopes ), adjusted for a constant term  and lively factor.

	Algorithm: Task Allocation in DIPLAI-6G Using If and Else

	def task_allocation(latency, task_urgency, device_type):
    # If task is urgent and latency is low, allocate to Near-Device
    if task_urgency and latency <= 10:
        return "Allocate task to Near-Device."
        # If task is not urgent and latency is moderate, allocate to Post-Edge
    elif not task_urgency and latency <= 100:
        return "Allocate task to Post-Edge."
        # If latency is high, allocate to Core Intelligence for complex processing
    else:
        return "Allocate task to Core Intelligence."
# Example calls to the function
print(task_allocation(8, True, "near_device"))  # Urgent and low latency
print(task_allocation(120, False, "post_edge")) # Non-urgent, high latency
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Figure 2: Smart Flow with LAOA: Adaptive Task Distribution
Under coordination by the LAOA, Figure 2 shows the operational flow of data and inference processes of the DIPLAI-6G architecture. Starting with raw sensor data from systems or devices—such drones, cars, or IoT devices LAOA evaluates the data considering latency sensitivity, computational demand, and contextual urgency. These components route activities to the best processing layer: near-device for real-time responses; post-edge for intermediate judgments and model updates; or core intelligence for deep learning and large-scale data fusion. This smart flow guarantees that latency-critical activities are carried out fast at the proper level and that no layer is overwhelmed. Feedback and inferative outcomes thereby guide real-time system behavior or user involvement. This diagram shows how DIPLAI-6G turns hierarchical, fixed artificial intelligence into an adaptable, fluid process necessary for 6G performance and resilience.

Terms expressing system variables and network states like , and  balance . This captures the flexibility  and intelligence of the network, therefore supporting and making decisions in distributed 6G contexts.
The design and running of DIPLAI-6G are somewhat faithfully shown in the images. As "Layered Intelligence in Action" makes clear, artificial intelligence is stacked to strike responsiveness against computational depth. Motivated by real-time latency and resource awareness, "Smart Flow with LAOA" exposes the logical underlying work allocation. Their combined show how dynamically DIPLAi-6G organizes intelligence throughout the network to surpass more conventional artificial intelligence models. These visuals highlight how well the architecture works for real-time, mission-critical 6G devices needing both performance and flexibility.
4. Result and Discussion
Arriving 6G networks need sophisticated, distributed decision-making with ultra-low latency for mission-critical applications. Limited flexibility of conventional cloud and edge artificial intelligence systems, scalability, and latency make them inadequate. This work introduces DIPLAI-6G—a hybrid artificial intelligence system spreading intelligence across Near-Device, Post-Edge, and Core layers—to tackle these challenges. Including federated learning, knowledge distillation, and a Latency-Aware Orchestration Algorithm, DIPLAI-6G offers real-time, privacy-preserving, context-aware inference for intelligent operations across dynamic 6G contexts.
Table 2: Simulation Environment
	Metric
	Description

	Simulation Platform
	Custom network simulator with AI orchestration module (Python-based)

	Network Topology
	Heterogeneous 6G architecture with Near-Device, Post-Edge, and Core layers

	Number of Nodes
	500 devices including mobile users, edge nodes, and central servers

	Mobility Model
	Random Waypoint and Manhattan Grid for urban mobility simulation

	Data Transmission Rate
	1–100 Gbps based on proximity and bandwidth availability

	Latency Threshold
	≤1 ms target for mission-critical inference tasks

	Inference Tasks
	Object recognition, autonomous decision-making, and AR/VR rendering

	AI Model Type
	CNN-based lightweight models with federated learning and knowledge distillation

	Task Allocation Strategy
	Latency-Aware Orchestration Algorithm (LAOA) for dynamic distribution

	Evaluation Metrics
	Latency, inference accuracy, system robustness, and resource utilization
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Figure 3: Analysis of reducing end-to-end latency
Figure 3 demonstrates the significant drop in end-to---end latency achieved with the DIPLAI-6G system. DIPLAI-6G reduces latency by an incredible 92.36% compared to standard cloud and edge-based AI models mainly due to its distributed intelligence layers and the Latency-Aware Orchestration Algorithm (LAOA). Through thoughtful distribution of computing tasks to Near-Device, Post-Edge, or Core Intelligence layers, the system lowers communication latency and accelerates inference. This reduction is very useful for real-time applications such remote operations and automatic driving, where milliseconds matters. The findings reveal how well DIPLAI-6G meets ultra-low latency requirements of recently established 6G networks. 

Expressed via spatial and functional relationships like , altered coordinates , and contain interaction , the equation represents the magnitude of coupled near-device components for the analysis of reducing end-to-end latency.
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Figure 4: Analysis of system robustness 
Figure 4 shows under dynamic and high-mobility situations the enhanced system robustness resulting from the DIPLAI-6G design. With a 95.81% resilience score, the framework trumps traditional models that degrade under evolving network conditions. This resilience comes from the system's ability to dynamically rearrange task allocation via LAOA and to adapt model behavior based on contextual variations. By distributing intelligence and enabling local inference at many network levels, DIPLAI-6G offers consistent performance and continuity even in difficult circumstances. SixG use cases such drone coordination, smart city management, and mobile healthcare services depend on this extremely high degree of resiliency.

Defining  as shifted inputs and weights for the model , modulated for memory function  along with context , the equation knowledge to provide adaptive, latency-resilient deductive reasoning in analysis of system robustness.
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Figure 5: Analysis of inference accuracy
Figure 5 illustrates DIPLAI-6G's excellent 97.89% accuracy rate, thus maintaining excellent inference accuracy on distributed artificial intelligence layers. It owes this achievement to successful deployment for distributed model training via knowledge distillation and federated learning. These methods ensure privacy and minimize resource usage while also guaranteeing excellent fidelity from light models applied at the edge and near-device levels. DIPLAi-6G's distributed strategy ensures impartiality regardless of dynamic character of 6G networks. Its capability is particularly valuable in decision-making situations under tight constraints like intelligent mobility, virtual and augmented reality systems, and automated factory processes. 

Integrating feedback,  the context like  and a scaled interacting component , the equation reflects  gradient-adjusted deductive reasoning  as a function of data behavior and context variables in equation 5 for analysis of inference accuracy. 
This paper introduces DIPLAI-6G, an artificial intelligence architecture designed for 6G ecosystems, thus overcoming the limitations of current cloud and edge systems. It accomplishes this through its three-tiered intelligence distribution system utilizing federated learning and latency-aware orchestration, achieving real-time, high, and strong inference. DIPLAI-6G reduces latency by 92.36%, increases resilience by 95.81%, and improves inference accuracy by 97.89%. This data demonstrates its efficacy for next-generation use cases such as autonomous systems, AR/VR, and smart city infrastructure.
5 Conclusion  
The advancement of 6G networks require AI designs capable of sustaining simultaneously high demands of latency, intelligence, and adaptability over numerous application domains. This paper presents a new architecture, Distributed Intelligent Post-Edge Learning and Inference, or DIPLAI-6G, which addresses the limitations of cloud and edge AI. Through the use of federated learning, knowledge distillation, LAOA, and the shifting of intelligence to the Near-Device, Post-Edge, and Core levels, DIPLAI-6G enables context-aware, real-time decision making that preserves privacy.
Extensive simulations reveal that for high mobility, dynamic scenarios, DIPLAi-6G achieves 92.36% reduction in end-to-end latency, 95.81% system resilience, and 97.89% inference accuracy. Results support te applicability of the technology for 6G industrial automation, immersive AR and VR, and autonomous driving. Furthermore, its scalability and resilience create opportunities for future smart network designs. By altering the edge and permitting intelligent modulation to lower levels that shift with application and network conditions, DIPLAi-6G marks an AI deployment on a new paradigm. With its new tier, it sets the record for latency-bounded distributed AI systems as 6G capabilities ramp up.  
Future Work  
The next studies will concentrate on real-world testbed performance to implement DIPLAi-6G. Cross-domain collaboration with homogeneous AI agents using advanced multi-agent reinforcement learning and self-optimizing task division is what we intend to offer. Strategies for energy-efficient cybersecurity enhancements for prudent access and sustainable utilization are also incorporated. Tailoring DIPLAI-6G for quantum artificial intelligence integration with satellite-based 6G infrastructure marks an exciting new direction for future developments.
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