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Computation Offloading with Instantaneous Load Billing for Mobile Edge Computing







ABSTRACT

Mobile edge computing (MEC) is a promising approach that can reduce the latency of task processing by offloading tasks from user equipments (UEs) to MEC servers. Existing works always assume that the MEC server is capable of executing the offloaded tasks, without considering the impact of improper load on task processing efficiency. In this paper, we present a two-stage computing offloading scheme to minimize the task processing delay while managing the server load properly. To minimize the task processing delay, each UE optimizes how much workload to be offloaded to the MEC server. To improve the task processing efficiency of the server, we arrange the processing order of offloading tasks by introducing an aggregative game with an instantaneous load billing mechanism. The proposed game can obtain the optimal task offloading and processing strategy with limited information and a small number of iterations. Simulation results show that our scheme approaches the optimal offloading strategy in terms of minimizing task processing delay for each UE and improving processing efficiency for the server.








CHAPTER-1
INTRODUCTION


Internet of Things according to [1] simply implies things, machines that gather data without the help of humans. Figure 1 shows an illustration of possible Internet of Things, however it is not exhaustive of all the
Possibilities.
Mobile Computing is essentially a combination of portable user devices such as phones and computers and how they connect to other devices through wireless networks.
Since mobile devices are usually small for portability, their resources can be limited in terms of battery life and storage and technologies such as Cloud Computing make it possible to provision such computing resources to consumers according to demand  through resource intensive computing from the cloud .
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Internet of Things

Consumers use standardized platforms such as laptops and mobile phones to access over the network the resources that are then “monitored and controlled providing transparency to both the provider and consumer of the utilized service” .This eliminates the need to have powerful device conﬁgurations such as CPU speed and memory capacity on the device. Some of the Cloud Computing features include.


Virtualization: 
According to [4], virtualization is the “foundation of cloud computing”. Hardware virtualization utilizes hypervisors to abstract and pool resources as well as “dynamically assigning or reassigning” the resources to virtual machines on demand [4].

Autonomic computing: 
This involves self-managing computing systems operating under “deﬁned general policies and rules without human intervention” [4]. Cloud computing is more focused on resource cost reduction achieved through interconnecting and integrating the distributed data centers across continents.

Grid computing: 
This involves employing distributed resources to achieve on-demand resource sharing. Applications that depend on location of the mobile user such as; getting information about the nearest restaurants need distributed data computation.

Utility computing:
 Resources are provided on demand hence maximizing resource utilization and reducing operating costs in the context of the service providers and customers charged based on usage.
Cloud Computing has a stack structure that includes cloud service models which are built on top of the data center layer. A Data center layer provides the hardware and infrastructure facilities for the clouds and is typically built in less populated areas with high power supply. Table I shows the layers of cloud computing, with dentitions and typical examples of applications for each. In the stack structure, Infrastructure as a Service (IaaS) is at the bottom, Platform as a Service (PaaS) is in the middle and Software as a Service (SaaS) is at the top. However, this can sometimes differ in arrangement.

MOBILE EDGE COMPUTING
Mobile wireless communication has received a lot of attention and has become hugely popular during the past decade. This is mostly due to the emergence of mobile devices, such as smart-phones and tablets. These devices are usually equipped with multi-core processors, various sensors (e.g., high-quality camera, GPS, barometer, etc.), as well as running a plethora of applications that managed to improve the productivity of mobile users. Meanwhile, there is an increased demand for ever higher bandwidth rates when connecting to the Internet and thus need for new designs when it comes to next generation mobile networks (notably 5G). Some of its characteristics include the support of 1000×the number of connected devices, 100×the user data rate, 1/5×the end-to-end delay and 1/1000×the service deployment time [28].Some 5G goals include the enhancement of traditional mobile services (e.g. telephony services) and provision of new services/applications (e.g, IoT, vehicular communication, augmented reality, live video streaming, mobile gaming, mobile crowd sensing, etc.). Common requirements of these examples are the demand for higher bandwidth rates, computing resources and very low delays when accessing services. The European 5G PPP (Infrastructure Public Private Partnership) research body recognizes Mobile Edge Computing (MEC) to be one of the key technologies for 5Gnetworks [29].MEC was initially defined by IBM and Nokia Siemens to describe the computing facilities within a mobile base station. Toward its standardization, the European Telecommunications Standards Institute (ETSI) launched an Indus-try Specification Group (ISG) in December 2014 (i.e. ISGMEC) that resulted in producing documents providing a series of specifications for the MEC framework [27] and architecture [30]. MEC is defined by ETSI to be capable of providing‘... an IT service environment and cloud computing capabilities at the edge of the mobile network to reduce latency, ensure highly efficient network operation and service delivery, and offer an improved user experience’. The MEC definition has recently been extended to apply to multiple communication technologies and referred to as multiple access Edge Computing. However, in this paper, we choose to use the definition provided by the ETSI MEC ISG (we also call it edge for short). Next, we introduce, initially, mobile services/applications that can serve as use-cases for the MEC model. For the deployment of services, we review the ETSI ISG reference architecture and framework. Finally, we elaborate on the security and resilience challenges, and provide our thoughts for the future of the MEC.


 Edge computing layer

Edge computing layer contains FBSs and virtual ECs with the capability of computing and storage. FBSs and ECs are collectively referred to as edge nodes (ENs). An EN get required data and service from the SDN controller. Then, the ENs give the traffic condition information of its associated users and surrounding ENs to the SDN controller, such as number of associated users, energy consumption of each node, and energy demand of each user. Moreover, the dynamic information of UE and working conditions which are stored by ENs in virtual EC scan be uploaded to the remote cloud for global information sharing.



ENs:
ENs is the intermediate nodes between UE and edge cloudlets. To reduce the burden of the controllers, we propose to deploy the wireless side of SDN in the concept of ENs where the ENs has part of control functions and all data forwarding functionality. The EN has a network wide view of both wireless network and core networks. Embedding ENs into the SDN is a promising way to reduce the burden of controllers, and integrate the wired and wireless sides of SDN seamlessly.

ECs:
It can be a virtualized server near to the FBSs available for users to carry out computing functionalities. It is proposed to over-come the problems caused by accessing the cloud data centers such as energy consumption, latency and cost. UE’s task can be offloaded to the EC instead of a remote cloud server. It is a computational resource accessible by mobile users in their vicinity for making use of the services provided. ECs are controlled by SDN controller via Open Flow (OF)-enabled switches by sending OF messages. With the help of cloud resources, ECs involve all the computing and storage functionalities, which enables new smart traffic, such as offload traffic and cache traffic.


C. Infrastructure Layer

Infrastructure layer includes all physical network entities having the tasks to compute like UEs.








CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

Mobile phone applications have been rapidly growing and emerging with the Internet of Things (IoT) applications in augmented reality, virtual reality, and ultra-clear video due to the development of mobile Internet services in the last three decades. These applications demand intensive computing to support data analysis, real-time video processing, and decision making for optimizing the user experience. Mobile smart devices play a significant role in our daily life, and such an upward trend is continuous. Nevertheless, these devices suffer from limited resources such as CPU, memory, and energy. Computation offloading is a promising technique that can promote the lifetime and performance of smart devices by offloading local computation tasks to edge servers. In light of this situation, the strategy of computation offloading has been adopted to solve this problem.


2.1.1 DRAWBACKS OF EXISTING SYSTEM ARE 

· The studies in focused on the effects of channel reuse and channel competition on offloading decisions.
· The effect of server resources used in computation offloading performance was not considered.




2.2. PROPOSED SYSTEM

We propose a computation offloading strategy under a scenario of multi-user and multi-mobile edge servers that considers the performance of intelligent devices and server resources. The strategy contains three main stages. In the offloading decision making stage, the basis of offloading decision-making is put forward by considering the factors of computing task size, computing requirement, computing capacity of server, and network bandwidth. In the server selection stage, the candidate servers are evaluated comprehensively by multi objective decision-making, and the appropriate servers are selected for the computation offloading. In the task scheduling stage, a task scheduling model based on the improved auction algorithm has been proposed by considering the time requirement of the computing tasks and the computing performance of the mobile edge computing server. Extensive simulations have demonstrated that the proposed computation offloading strategy could effectively reduce service delay and the energy consumption of intelligent devices, and improve user experience.

2.2.1. ADVANTAGES OF PROPOSED SYSTEM

· The proposed offloading strategy can effectively reduce service delay, reduce the energy consumption of smart devices, and improve the user experience.

· This policy also applies a priority queue in terms of delay requirements of applications.




CONCLUSION


In this paper, the joint computation offloading and trans-mission scheduling for delay-sensitive applications in mo-bile edge computing has been studied. To characterize the dynamic management of the system with potential network uncertainties, a queuing model is formulated. By considering tradeoffs between local and edge computing, wireless features and no cooperative game behaviors of smart mo-bile users, we propose a novel mechanism, namely MOTM, to jointly determine the computation offloading scheme, the transmission scheduling discipline and the pricing rule. Both theoretical analyses and simulation results show that our proposed mechanism can guarantee that no individual mobile user has the incentive to strategically deviate the network-wide optimal management and can largely improve the social welfare compared to the counterparts.
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