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Performance Analysis of a Delay Constrained Data Offloading Scheme in an Integrated Cloud-Fog-Edge Computing System






ABSTRACT

The    recent    growth    in    intensive    services    and applications demand has triggered the functional integration of   cloud   computing   with   edge   computing   capabilities.   One of  the  main  goals  is  to  allow  a  fast  processing  to  tasks  with strict  real  time  constraints  in  order  to  lower  the  task  dropping probability  due  to  expiration  of  the  associated  deadlines.  This paper  deals  with  the  performance  evaluation  and  optimization of  a  three  layers  cloud-fog-edge  computing  infrastructure  by resorting  to  the  use  of  queueing  theory  results.  In  particular, a  Markov  queueing  system  model  with  reneging  is  proposed for  the  cloud  subsystem,  in  order  to  consider  the  premature computation requests departure due to their deadline expiration. Furthermore,   a   computational   resources   allocation   method is   proposed   with   the   aim   at   maximizing   the   social   welfare metric, constrained to  specific  quality  of  service  requirements. Finally,  the  proposed  queueing  theory  analysis  as  well  as  ofthe computational resources allocation approach is validated by comparing  the  obtained  analytical  predictions  with  simulation results.












CHAPTER-1
INTRODUCTION
Edge clouds promise to meet the stringent latency require-ments of emerging classes of real time applications such as augmented reality (AR) [1] and virtual reality (VR) [2] by bringing compute, storage and networking resources closer to user devices [3], [4]. Edge computer resources which are strategically placed near the users in the access network do not incur the irreducible propagation delays associated with offloading of compute intensive tasks to a distant datacenter. In addition, the use of edge computing can also lower wide-area backhaul costs associated with carrying user data back and forth from the central cloud. AR and Reapplications enable users to view and interact with virtual objects in real time, hence requiring fast end-to-end delivery of compute services such as image analytics and video rendering. Previous studies [5]–[8] have shown that latency associated with AR or gaming applications can be reduced by migrating some of the delay-sensitive tasks computing tasks to local servers, while maintaining global state in the core cloud.
While edge clouds have significant potential for improved system-level performance, there are some important trade-offs between edge and core clouds that need to be consid-ered. Specifically, core clouds implemented as large-scaledata centers [9] have the important advantage of serviceaggregation from large numbers of users, thus making thetraffic volume predictable. Further, service requests enteringa large data center can be handled in a close to optimalmanner via centralized routing and load balancing [10]algorithms. In contrast, edge clouds are intrinsically localand have a smaller scale and are thus subject to significantlylarger fluctuations in offered traffic due to factors such ascorrelated events and user mobility. In addition, we note thatedge computing systems by definition are distributed acrossmultiple edge networks and hence are associated with con-siderable heterogeneity in bandwidth and compute resources.Moreover, the data center model of centralized control ofresources is not applicable to a distributed system [11],[12] implemented across multiple edge network domains,possibly involving a multiplicity of service providers.

A general technology solution for edge clouds will thusrequire suitable distributed control algorithms and associ-ated control plane protocols necessary for realization. Theunique nature of the distributed edge cloud system poseskey design challenges such as specification of a controlplane for distributed edge, distributed or centralized resourceassignment strategies, traffic load balancing, orchestration ofcomputing functions and related network routing of data,mobility management techniques and so on. In order toaddress these challenges, a simulation based system model isthe foundation for understanding performance and evaluatingalternative strategies for any of the above design issues.
This paper presents an analysis of the scalability andperformance of a general hybrid edge cloud system whichsupports latency-sensitive applications. The goal is to pro-vide a better understanding of key system design parameterssuch as the proportion of resources in local cloud vs. datacenter, fronthaul and backhaul network bandwidth, relative latency/distance of core and edge clouds, and determine theirimpact on system level metrics such as average responsetime and service goodput. Using the model described here,we seek answers to the following questions: (a) How muchload can an edge cloud network support without affectingthe performance of an application; (b) How does the valueof the application delay-constraint affects the capacity of thesystem; (c) What is the impact of offered load and resourcedistribution on goodput; (d) Under what circumstances canthe core cloud perform better than an edge network and vice-versa; and (e) What is the impact of inter-edge (fronthaul)and edge-to-core (backhaul) network bandwidth on systemcapacity?

We use a simulation model to study a city scale generalmulti-tier network as shown in Fig. 1 containing both edgeand central cloud servers. The model is used to obtainsystem capacity and response time for an augmented realityapplication while analyzing the impact of key parametersresource distribution and fronthaul/backhaul bandwidth. Ageneral optimization framework for the distributed systemis proposed and compared with distributed algorithm ap-proaches. The rest of paper is organized as follows. SectionII demonstrates the augmented reality application with twouse-cases and discusses the need of edge clouds to ful-fill their low-latency requirements. Section III details thesystem model with an emphasis on system design, andperformance model to analyze edge clouds using a cityscale network including models for application, compute andlatency. A baseline distributed resource allocation approachfor selecting an edge cloud for an AR application is alsodetailed in Section III. Section IV presents the performanceevaluation of the baseline approach. Section V proposes andevaluates a capacity enhancement heuristic (ECON) for real-time applications. Numerical results to compare ECON andthe baseline are given in Section VI. Section VII providesrelated work in the field and finally, Section VIII concludesthe paper.







Performance Metrics
The two main metrics for assessing the performance of edge computing systems are the task completion time and the energy consumption. The factors that affect these performance metrics depend on which computing resources are used to exe-cute a task. In the following we define the task completion time and the energy consumption both in the case of local computing and in the case of computation offloading.
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Typical examples of computational task modeling.



4.4 Offloading Techniques
Offloading techniques can be classified as:
4.4.1 Data Offloading
It is one of the most commonly used offloading techniques which may classify into  four  groups, i.e., data offloading through opportunistic    mobile    networks,    small    cell    networks   (SCNs),   WiFi   networks,   and   heterogeneousnetworks  (HetNets). In  many  IoT  devices,  only the  data  are  offloaded   to   the   remote   server   where   differentrecognition   or   prediction   models   are   built   with   data analysis.
 4.4.2 Method-level Code 
Offloading Some  computation  constraint  algorithms  or  applications perform  method  level  code  offloading  in  which compiler code must be analyzed to detect significant code segments for  offloading which is used   to   lower   the   network   congestion.  Think Air  and  MAUI  are  popular  frameworks for code offloading .

 4.4.3 Virtual Machine Migration
This  technique  moves  the  entire  operating  system  (OS)and all its running applications in place of offloading code or  data  to remote server.  It makes sure  that  running  environment of applications is similar to the one as on IoT devices.  For  example,  Clone Cloud  creates  a  clone  of  the  operating  system  (OS)  and  its  applications  on  the  cloud  server,  the  offloading  is  implemented  using  process migration. Though, an expensive setup is required to run a cloned VM on the offloading system which  is  unsuitable for systems  where  devices  are connected  for  short  period    only .



 4.5 Offloading Schemes 
Offloading schemes are beneficial for several application domains. It  is  frequently  explored  in  existing  studies  with different  frameworks.  Table 3  gives a  research  overview of different application  domains  that  have  been  revamped by various offloading frameworks and schemes.

Cloud Layer
The layer is the brain of the IoT service frame work with EC. It is usually composed of large cloud data centers with extra ordinary computing power. In the IoT service framework with EC, the cloud layer tends to be applied to further processing data from the edge layer, storing or updating significant information and carrying out advanced deployment. Nonetheless, in some special situations, the importance of cloud-edge collaboration is highlighted. Cloud-edge collaboration includes resource collaboration, management collaboration,safety collaboration, and so forth, which think of cloud and edge as all in one to reinforce each other and schedule dynamically. Specifically, when computing re-sources in the edge layer are insufficient, the cloud layer can offer computing support with virtual machines and containers. When a certain edge layer appears malicious traffic, the relevant cloud layer which is equipped with better security policy has the ability to discover and block it so as to prevent it from continuing spreading. The establishment o fcloud-edge collaboration has aroused wide concern. A few cloud-edge collaboration platforms such as Kube Edge, Edge Tunnel, and AWS Wavelength are pushing ahead with the prosperity of cloud-edge collaboration.*e application of IoT service with EC is booming andhot. Table 3 shows some typical examples of IoT service with EC.





Cloud Computing Types
Based on the location parameter, cloud computing can be divided [19][20]into following categories:

a) Public Cloud:
 Here, computing infrastructure is provided by the vendor and customer has no visibility on the infrastructure. But the resources can be accessible publically.

b) Private Cloud:
 Here, infrastructure is developed for a private organization. The services can be access by that private organization only. This type of cloud is more secure than a public one.

c) Hybrid Cloud:
 A hybrid cloud is come into existence after merging a private as well asthepublic cloud. Critical applications may be deployed on a private cloud and the applications having less security can be connected to the public one.

D) Community Cloud:
 Here, the infrastructure is shared between organizations of the same community.















CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

Mobile cloud offloading that migrates heavy computation from mobile devices to powerful cloud servers through communication networks can alleviate the hardware limitations of mobile devices thus providing higher performance and saving energy. Different applications usually give different relative importance to response time and energy consumption. If a delay-tolerant job is deferred up to a given deadline, or until a fast and energy-efficient network becomes available, the transmission time will be extended, which can save energy because a more energy-efficient communication channel and a less energy-restricted computation platform may become available. However, if the reduced service time fails to cover the extra waiting time, this policy may not be competitive.

2.1.1 DRAWBACKS OF EXISTING SYSTEM 
· Energy consumption and transmission time increase in proportion to the transferred file sizes. When the same volume of data was transmitted, WiFi has relatively lower energy consumption than 3G. Moreover, the device’s energy consumption via each communication network is proportional to its data transmission time.

· The issues of time and energy saving on mobile devices are becoming increasingly relevant. Many research efforts have been devoted to offloading computation to remote servers in order to shorten execution time or save energy.



2.2. PROPOSED SYSTEM

In this paper, we investigate two types of delayed offloading policies, the partial offloading model where jobs can leave from the slow phase of the offloading process and be executed locally on the mobile device, and the full offloading model, where jobs can a bandontheWiFi Queueand be offloaded via the Cellular Queue. In both models, we minimize the Energy-Response time Weighted Product (ERWP) metric. Not surprisingly, we find that jobs abandon the queue often when the availability of the WiFi network is low. In general, for delay-sensitive applications the partial offloading model is preferred under a suitable reneging rate, while for delay-tolerant applications the full offloading model shows very good results and outperforms the other offloading model when selecting a large deadline. From the perspective of energy consumption, the full offloading model will always be best, even if the deadline must be extremely long. Only if job response time is of high importance an optimal deadline to abort offloading in the partial offloading model or the WiFi transmission in the full offloading model can be found. For reduction of the energy consumption it will always be better to wait longer rather than compute locally or use the cellular network.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· The models can be used to predict the average performance and energy consumption of mobile offloading under a given network environment deployment condition.

· It is possible to reduce the transmission time at the expense of some extra waiting time. The reduced transmission time at a later point in time directly translates to saving battery power of the mobile device.























CONCLUSION


In this paper, we have developed analytical queueing models for delayed mobile cloud offloading to leverage the complementary strength of WiFi and cellular networks by choosing heterogeneous wireless interfaces for offloading. We have carried out optimality analysis of the energy-performance tradeoff for mobile cloud offloading systems based on the ERWP metric. This metric captures both, energy and performance characteristics. Our analysis even included intermittently available access links.
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