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ABSTRACT

Market is a place set aside for buying and selling of goods or products. Service or product consumers, service providers and
sometimes the brokers are the major role players in the market. The advancement in technology has allowed consumers and
providers to move from traditional marketplace to Fog E-marketplace. In this research, a detailed literature review is presented
on the work done in the area of performance evaluation of E-Marketplaces. An overview of the key features is given and a
systematic strategy towards addressing the shortcomings is then introduced. Finally, some future research issues especially on
cloud E-marketplace and Fog market are discussed
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1. INTRODUCTION

The concept of the E-Marketplace started in the early nineteen seventies where some systems were developed in the area of
airline reservation systems, for example, United Airlines’ Apollo or American Airlines’ Sabre [1]. In this system, consumers
were able to book flights through an agent which today is referred to as a broker. One major issue was the accessibility to the
system which required a specialised expert broker. Another early example was that of J.C. Penney’s Telaction Home-shopping
System (see in [2]). This was an electronic home-shopping system that allowed consumers to shop via a cable television channel
and a push-button phone. These E-Marketplaces had major drawbacks, among which were the lack of competiveness and the
inability to create an air of excitement [1]. From these humble beginnings came the evolution of the E-Marketplace that now
allows organisations to open their shops on the Internet and also enables millions of consumers to participate in the global online
Marketplaces.

Several E- Marketplace definitions have been suggested by various authors as shown in Table 1.

Table 1: Cloud E-Marketplaces: Some Definitions

Author/Reference Year Definition

Malone, Yates, 1989 Networks that let customers compare and order offerings from competing
and Benjamin [2] [2][2][2][2][2] suppliers.

Bailey & Bakos [3] 1991 A market system that allows buyers and sellers to exchange information

about market prices and product offerings, thus representing an investment
in multilateral information sharing.

The E-Marketplace is a virtual Marketplace where buyers and suppliers
Archer and Gebauer [4] 2000 meet to exchange information about product and service offers, and to
negotiate and carry out business transactions.

Russ [5] 2001 A Web-based information system, where multiple suppliers and multiple
buyers can undertake business transactions via the Internet.

15




E‘S[”Journa Computing, Information Systems, Development Informatics & Allied Research Journal
vYMIivL Vol. 7 No. 3, September, 2016 - www.cisdijournal.net

All the definitions in Table 1 have provided the researcher with either the functions or characteristics of E-Marketplaces. For the
remainder of this thesis, E-Marketplace is defined as a virtualised global network market that allows the exchange of digital
information, sometimes through a broker, for the purpose of conducting and delivering effective business services.

The organisation of this paper is as follows. Section II discusses the evolution of E-Marketplaces. In section III, the state of the
art in cloud E-marketplaces is discussed. Section IV discusses the cloud challenges. The issue of Fog E-Marketplaces is discussed
in section V. The paper ends with the conclusion in section VI.

1.1 Evolution of E-Marketplaces

The idea of the E-Marketplace did not just come from a vacuum but originated from the Traditional Marketplaces. The
Traditional Marketplaces dealt primarily with goods produced or distributed personally by the merchants themselves and were
not adaptable to modern mass production and distribution systems [1], [6]. The removal of trade barriers, Industrialization in
most parts of the world, the emergence of global markets and the use of Information and Communication Technology (ICT)
changed the role of Traditional markets from its dominant position to supplementary as E-Marketplaces come into the main
stream.

E-Marketplaces facilitate trading transactions for buyers and sellers through the use of electronic means [7]. Although the idea of
E-Marketplaces started in early nineteen seventies, the conceptualisation of this idea evolved in the mid-1940s when Selevision
was the E-Market system used in Florida to remote E-Market citrus fruits [8] [7]. But in [9], the impact of the E-Market in
improving E-Marketplace transactions started with the initiation of computer-based pilot projects in the 1970s. The next sub
sections trace the evolution of Marketplaces, starting with the Traditional Marketplaces and various other E-Marketplace
concepts such as the Internet market, Web Service, Grid and Cloud E-Marketplaces as shown in Figure 1.

Traditional
Markeplaces

Internet
Marketplaces

eb Service
Marketplaces
(SOA)

Fig. 1: Evolution of Marketplaces

A. Traditional Marketplaces

Traditional Marketplaces offer places for wholesalers and retailers to co-operate and also offer the consumers the benefit of
where to go directly for a given item. These markets allow the buying and selling of goods with both the buyers and the
consumers having a direct link. However, a broker or intermediary will sometimes be involved to mediate in price bargaining
between the buyer and the consumer, but such an intermediary has to be trusted by both the buyers and the sellers.

These markets have some advantages in that: *

i They require no special medium before it they can operate. For example, rather than customers going online for a
business transaction, such business or service could be brought to potential customers with the use of some Traditional
methods.

ii. They give room for price negotiation and bargaining.

ii. In addition, both literates and illiterates can participate in the market.

However, some major limitations of the Traditional Marketplace are:

i Lack of a good Traditional marketing strategy.
ii. Inability to globalise the market.

ii. Slow uptake of cashless policy.

iv. High risk of products transfer/movement.
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The emergence of the Traditional E-Marketplace came about as a result of some of these limitations. The Traditional E-
Marketplace is a Web portal where buyers and suppliers come together to explore new business opportunities [10]. These
markets allow the buying and selling of goods, with both the buyers and the consumers having direct link. This market uses
digital means to brand products or logos. The idea promoted by the Digital markets strategy [11] toward the Traditional E-
Marketplace is similar to people finding or getting a particular business through a referral or a network and eventually building a
rapport with them. In [10], the author attributed the challenge of Traditional E-Marketplace to that of supporting only a single
business model, which is ineffective in dealing with all but the simplest kinds of exchanges. As a result, the Traditional concept
of an E-Marketplace having broker mediating between buyer and supplier is not as suitable for every kind of product transactions
as was initially expected to overcome this barrier, the concept of the Internet Marketplace was introduced.

B. Internet Marketplace

In [12], electronic Marketplaces is defined as the notion of paperless exchanges of business information using Electronic Data
Interchange (EDI), electronic mail (E-mail), electronic bulletin boards, Electronic Funds Transfer (EFT) and other similar
technologies. The Internet E-Marketplace allows the full range of using internet technology to fulfill its goal. This goal is to
attract the biggest possible number of consumers and providers who will become members of that Internet E-Marketplace. This is
done by matching consumers’ needs against providers’ selling offers [13] [3].

In [14][15], the authors identify three main elements in the structure of an E-Marketplace; these are the owner or the operator of
the market place, the type of transaction being offered and the resources being offered to the consumers. Three main types of
Internet E-Marketplaces are identified in [14] [10] [16]: the seller-driven market, the buyer-driven market and the open market.
In [10], the author defined the seller-driven market as an E-Marketplace promoted by a consortium of suppliers who place offers
within the same industry or service sector. The buyer-driven market is maintained by a group of buyers who aggregate purchase
needs so as to achieve advantageous conditions when buying from suppliers and the open market is an E-Marketplace owned by
an independent third-party.

In addition to these, in [17], the author identifies the fourth one as the technology driven market. This is similar to the
independent market but the motive behind the set up may be different from that of Independent market. A typical
diagrammatical structure of these is shown in Fig. 2 with detailed explanation given in [10]. The supplier and buyer are similar to
the researcher’s consumer and producer in this paper.
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Fig. 1: Architecture of a Typical Traditional E-Marketplace
Source: IJICM 17(3) 2004
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Apart from the benefits offered by Traditional Marketplaces, E-Marketplaces generally have some characteristics that make
them better than Traditional Marketplaces. Some of these characteristics are richness, cost effectiveness and provisioning of extra
value [18]. Also, E-Marketplaces expand the choices available to consumers and give providers access to new consumers,
thereby reducing the transaction costs for all participants [19]. Internet E-Marketplaces differ from Traditional Marketplaces in
that the business transactions occur in communication networks without the necessity of the clients and the producers seeing each
other. This virtual, dynamic and real time platform allows the consumers or the clients and the producers to communicate through
the use of Internet technologies. Hence, the Internet E-Marketplaces are regarded as one important part of E-business solutions
in the process of enabling supply chain integration to maintain business value and growing competitive necessity [20]. The idea
of this paradigm is to reshape the business process by making available various types of products to consumers. It is a paradigm
for building distributed computing applications over the Internet [21]. This idea was not fully exploited until the emergence of
Service Oriented Architecture (SOA).

The Second evolution of the E-Marketplace is the Web service Marketplaces. This came in as result of the emergence of Service
Oriented Architecture (SOA), which is the paradigm of organisational models of systems, aimed at solving large business
problems using existing services. This evolution is an update to object-oriented computing.

C. Web Services E-Marketplaces

In [22], Web services are defined as self-contained, self-describing, loosely-coupled computational components designed to
support machine interaction via a distributed or centralised network. The web services E-Marketplace is a community that allows
producers to advertise their products on the web for the consumer to use. In other words, it is a local community of service
providers and service consumers organised in vertical markets and gathered around portals [23]. A number of scholars have
worked on specific features of web service Marketplaces, including web service discovery [24], [25], selection [22], [26], [27]
[28] [29] 69] [30] [31] [32] [33] [34] and composition[35] [36] [21]. The paper is interested in service selection and critical
review on others is left as future work.

A lot of work has been done on the selection of optimal web service. In [29] the authors proposed a new analysis of service
selection and evaluated the proposed algorithm. This was done by designing a mixed linear integer program for optimising
service compositions based on service response time and energy consumption. In [37], the author uses the QoS-based service
selection approach to compose web applications by discovering feasible web services based on functionalities and QoS criteria
of user requirements. The results show that the algorithm performs well with increase in system availability and reliability. The
use Particle Swam Optimisation (PSO) method was adopted to select the optimal service in [28] . This was done by defining the
position, and the velocity equation. While this achieved a considerable solution the issue global convergent was a challenge. This
was further improved by using the Niche Particle Swarm Optimisation (NPSO) algorithm that integrates the Simulated Annealing
(SA) and niche technique into the Particle Swarm Optimisation algorithm [38].

In [30] the authors proposed a genetic based service selection algorithm where the developed algorithm is compared with the
heuristic algorithm based on both time complexity and the non-functional characteristics called reliability rate. The significant
contribution to optimal service selection in [73] was made by comparing the two service selection algorithms i.e, the GA and the
PSO using response time as the metric with multiple users [31]. The end results indicate that PSO performs better over GA for
single and multi user service selections. While optimal selection is achieved in the context of the given set in the domain by these
algorithms, there was silence on what happens when there are ties in that set based on service consumers’ requests. Furthermore,
the associative classification algorithm has been used to classify candidate web services into different QoS levels. Semantic
matching is then used to rank the most qualified web services based on their functional quality. In [32], these authors propose a
Multi Criteria Approach for Web Service Discovery. In their work, they introduced QoS parameters that allows user to find
relevant services that correspond to his/her preferences and enable him/her to also gain in terms of time by minimizing his/her
search space. Review of some of the techniques in the context of the QoS based approach was investigated in [33]. This was
extended by Priya [34].

One issue that was not addressed in [28], [30][26] is when the competitive differentiation is zero among the selected optimal web
services i.e. when there are ties. When this occurs, scholar like [32] only allow client the freedom to choose their own scenario
and to gain in terms of processing time. To resolve this, the work in [39] propose a QoS based multi level selection algorithm for
a situation where there are ties between optimal web services. The authors consider the Information services and use the non-
deterministic Quality of Service metrics. An algorithm was formulated and an experiment conducted using web service data set
Quality of Service information as the input parameters. The experimental results show that the proposed model satisfies service
consumers’ requests based on non-functional requirements. This justification for this approach was based on the evaluation report
in [33] that the QoS based approach requires less expensive middleware, it also allows dynamic service selection, is fair to the
clients and gives room for QoS extension.
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These web service E-Marketplaces provide both the providers and consumers with the following benefits:

i The use of modern technologies to improve communication between the producers and consumers is allowed.
ii. Purchasing operations are improved. Also, a purchasing community is established and consumer demands are
satisfied in more integrated ways.
ii. The opportunity is created for a service provider to deliver value-added, integrated (packaged) services by
composing existing E-services possibly offered by different enterprises [40].
iv. Providers get the enabling environment to generate extra sales by providing a way to reach new customers that are
difficult to get through Traditional marketing methods.
V. A competitive market is established thereby allowing the springing up of many products of the same function and
therefore giving the consumers the opportunity to have a multi-level based selection strategy for selecting services
[39].
Vi. Room is given for market Service Discovery, Selection and Composition.

While these benefits have had a positive impact on both consumers and providers, there are several challenges faced by this
Marketplace. Among these are:

i The need to see computing as service that is delivered to consumers over the internet from large-scale data centres or
the clouds, Rather than purchase of products.
ii. The need for consumers to invest heavily in building and maintaining complex IT infrastructure [41] and
ii. The high costs of maintaining the equipment and human resources.

D. Grid Marketplaces

While the use of the Web Service Marketplace have been successful, especially with the business class, using this market for high
computational power is a challenge, as are the high costs of maintaining the equipment and human resources [41] [42]. This led
to the creation of the Grid E-Market Technology. This is a market where computational power is purchased by consumers
(Consumers/Applications) through the use of middleware or a resource allocation broker. Four major features distinguish the
Grid Marketplace from others [43][44].

These are:
i Collaboration among members of the grid community with the use of powerful middleware.
ii. Integration of different heterogeneous hardware infrastructure.
iii. The distributed paradigm and
iv. Secure access through the use of a powerful security mechanism to grant the right delegation.

The vision of the Grid architects is for consumers to draw computation power from a distributed pool of resources in a way
similar to that in which household appliances draw electrical power from a power utility seamlessly and ubiquitously. Basically,
Grid market technology consists of clusters of computers under the control of powerful middleware. Although these Grid markets
have been viable in terms of high performance, exploitation of underutilised resources, resource balancing and wide- scale
distributed computing[45] [46], this market has some challenges, among which are:
i. Lack of a distributed and robust resource allocation mechanism [47][48].
ii.  Inability to provide a good accounting mechanism[49].
iii.  Inability of the centralised system to scale in proportion to the potential computation power that will be
available as high performance networking becomes available[43].
iv.  Inability of the architecture to fully cope with the business world[50].

These challenges were already foreseen as far back as 1969, as quoted in [51] : “As of now, computer networks are still in their
infancy, but as they grow up and become sophisticated, we will probably see the spread of ‘computer utilities’ which, like present
electric and telephone utilities, will service individual homes and offices across the country”.

E. Cloud E-Marketplaces

The vision of Kleinrock [51] and others like Herb Grosch in the 1950s and John McCarthy in the 1960s laid the foundation of
the current trends in the computing known as cloud computing by envisioning the transformation of computer usage from a
Traditional in-house power generation model into a model that consists of services provided in a manner similar to utilities such
as electricity, gas, and water [52],[53]. Three models have been identified for service delivery, namely, [aaS, Saas and PaaS [54].
Also, four deployment modes have been identified by scholars [55][53]. These are: Public, Private, Community and Hybrid. The
definitions and explanation are given in [56], [S7]. The researcher focuses on SaaS. An illustration of the request for services is
depicted in Fig. 2.3 where Cloud consumers send different requests to the cloud through different applications for service
provisioning. The basic characteristic of this provisioning model is that the users consume resources and are billed according to
their personal demands.
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Fig. 2: An Illustration for Request for Services in Cloud E-Marketplaces
Source: JAM Volume(2014, Article ID 756592
The recent innovations in virtualisation and distributed computing, as well as improved access to high-speed Internet is one

significant factor that has contributed to the high interest in Cloud E-Marketplaces. There are three major areas in which Cloud
E-Marketplaces are different from other E-Marketplaces [58].

These are:
i Provisioning of on demand services. This may be in minutes or hours.
ii. Elasticity that allows users to have as much or as little of a service as they want at any given time and
ii. The management of the services by Cloud providers

While the features Cost Efficiency, Almost Unlimited Storage, Backup and Recovery, Automatic Software Integration, Easy
Access to Information and Quick Deployment have been the benefits of using services from the Cloud E-Marketplaces, the issues
of Performance, Security and the vulnerability to external hack attacks and threats have been the major challenge and have not
been fully addressed [59][60].

In addition, the geographically distributed nature of data centres in Cloud E-Marketplaces and the architectural shift to container-
based data centres have added to the challenges in the design, deployment and management of cloud computing platforms. These
challenges are closely related to the performance of Cloud E-Marketplace web services. These include the distribution and
migration of large volumes of data, the reduction of operational costs, the multi-dimensional allocation of available resources,
accurate monitoring and prediction of service qualities, and flexible data centre network architectures. Therefore, for effective
delivery of better Quality of Service (QoS) to consumers by the providers in Cloud E-Marketplaces, it is important to understand
and improve the performance of cloud computing platforms, so that the performance needs of hosted applications can be satisfied.

[54][61].

With the shift to the Cloud E-Marketplace paradigm scholars have concentrated on the issues of security and Privacy [62],[63],
Energy [64][65] and Implementation [66]. However, performance has received less attention [54],[67]. The idea behind the
Cloud E-Marketplace is that users pay for their used services without the need to spend massive amounts on integration,
maintenance, or management of the IT infrastructure. With the growth in cloud E-Marketplaces there is still a shortage of
performance evaluation and special measures are required to make it work, especially in the context of consumers’ waiting time
[54].
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2. STATE OF THE ART IN CLOUD E-MARKETPLACE PERFORMANCE

This section studies the state of art of the performance evaluation of Cloud E-Marketplaces. This is narrowed down on
consumers’ waiting time (response time) and providers’ costs. Much work has been done in the area of performance analysis. See
[68] [67] [69] [70] [71][72]. For example, in [68], the authors use a generalised idea to address three things, namely, the level of
QoS that can be guaranteed given service resources, the number of service resources that are required to ensure that customer
services can be guaranteed in terms of the percentile of response time and the number of customers to be supported to ensure that
customer services can be guaranteed. Pakbaznia and Pedram [67] proposed the M/G/c to evaluate a cloud server firm with the
assumption that the number of server machines is not restricted. The authors demonstrate the manner in which request response
time and the number of tasks in the system may be assessed with sufficient accuracy. In Chen and Li [69], the authors model the
cloud as M/M/S/k for performance management where web applications are modeled as parallel queues and the service centre as
the virtual machines. This work extends that of [64], and [12] by removing the bottleneck of live migration in the packing
algorithm based method. In [70], the author uses the M[x]/G/m/m+r to describe a new approximate analytical model for
performance evaluation of Cloud data centres with batch task arrivals and shows that important performance indicators such as
mean request response time, waiting time in the queue, queue length, blocking probability, probability of immediate service and
probability distribution of the number of tasks in the system can be obtained in a wide range of input parameters. This work was
based on the so called On-Demand Service.

In [73], the authors propose a preemptive Cloud E-Market policy. The idea is that when an urgent request arrives, it preempts the
current request in service and such preempted request is then migrated to another virtual machine if it cannot meet the deadline
for completion. But in practice, preemption and migration of virtual machines are costly [74]. In [75], the author removes the
scheduling bottleneck from one dimensional to multi-dimensional resources. This is done with the use of Multi-dimensional
Resource Integrated Scheduling (MRIS) which is an inquisitive algorithm to obtain the approximate optimal solution. But [76]
propose an M/M/m queuing model to develop a synthetic optimisation method to optimise the performance of services in an on
Demand service. The simulation result shows that the proposed method can allow less wait time and queue length and more
customers to gain the service using a synthetic optimisation function when the numbers of servers increases.

In [77], the authors model the Cloud using the M/M/c/c model with different priority classes with the main goal of studying the
rejection probability for different priority classes. But[78] extend Kleinrock’s analysis to derive the stationary waiting
distribution for each class in a single server accumulating priority queue with Poisson arrival and general distribution service
time. In the opinion of the researcher, the M/M/m or the M/G/1 approach may not reflect a typical Cloud E- market because
Cloud requests come through a point of entry and they go from there to various service stations for processing which then return
the processed requests.

Part of this research is closely related to [71][72] where these authors model the Cloud as a series of queues. What differentiates
the researcher’s work are:
i. Each of the service stations is modeled as M/M/c/Pr as against the M/M/1 proposed by the authors mentioned above
which requires a different mathematical concept.
ii. No dedicated server is given or allocated to any class, thereby reducing consumers’ waiting time.

Many researchers have worked on the issue of cost optimisation[79][73],[80][81] [82][12][83], [84]. For example, in [82][12] the
author proposes three meta-scheduling online heuristics, namely Min_Min Cost Time Trade-off (MinCTT), Sufferage Cost Time
Trade-off (SuffCTT), and Max-Min Cost Time Trade-off (Max- CTT), to manage the trade-off between overall execution time
and cost and to minimise them simultaneously on the basis of a tradeoff factor in the context of the utility grid. Also, [31] and
[32] propose an algorithm based on convex and resource allocation optimisation methods using IaaS provisioning. But [79] use
SLA-Based algorithms to extensively analys and demonstrate how to minimise the Software as a Service(SaaS) provider’s cost
and the number of SLA violations. The SLA-Based algorithms proposed in Buyya et al and Toosi et al..... [6] [85] extensively
analys and demonstrate how to minimise the Software as a Service (SaaS) provider’s cost and the number of SLA violations.

The work of these preceding authors presented the researcher with the opportunity to make his own contributions. Although the
argument for using the queuing model is based on that of [68][69] [10]. The works of [71][64][70][76] [73] serve the fore-
runners of the idea of viewing the Cloud as networks of queues. In[86][87][88][89][90][91], the authors identify some short
comings and those short comings present the researchers the opportunity to make their contributions. These short comings
include, the idea of generalizing the Cloud like any other Traditional system as proposed in [68] [10]. By viewing the cloud as a
single queue may not reflect a typical Cloud E-Market. Therefore the acclaimed response time could not represent the real cloud
E-Market response time. This is restructured as networks of queues. Also, the work reported in [13] is based only on simulation
without any mathematical proof of concept. This shortcoming is addressed in [86] by proposing the queuing theory solution. The
reason for this is that the queuing models predict the theoretical performance behaviours of systems that attempt to provide
services for randomly arriving demands [92]. Therefore, ascertaining the degree of correctness of any simulation requires
theoretical proof to back it up.
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In addition, the issue of considering only On Demand Service by [70] may not reflect the true picture of today’s Cloud. This is
because most providers are offering different services based on consumer demand. For example, Amazon.com offers three
services: the On Demand, Spot, and Reserved [93]. The work in [87][86] considers both On Demand and others with the use of
Non Priority and Non-preemptive Priority policies. Other related works, for example [78] [76][94] implement their Non-
preemptive policy at the first point of entry alone, whereas the work in [87][86] model the Non-preemptive model at every point
of queue. This is because at every point of queue there is a likely tendency that higher priority will arrive when lower one is on
the queue. Furthermore, on the issue of cost optimisation algorithms proposed by [31] and [32], the maximisation objective was
subjected to many constraints which may become complex to understand. Second, the concept of cost model is based on
operating cost rather than on both operational costs and fixed costs. Part of the work (see [91][95]) takes into consideration both
operating costs and fixed costs to determine SaaS provisioning using queuing theory.

Finally, the introduction of a dynamic optimisation control mechanism in effective server management proposed in [96] is a great
contribution in cloud e-marketplace. This enables Cloud provider to minimize and judiciously utilize the available resources. this is
achieved by successfully explored the application of existing and widely adopted theories of the Non-preemptive queue model to
the design of a dynamic optimisation control mechanism for effective server management in the context of Cloud E-Marketplaces.
Throughout this paper the definitions in Table 2 hold as explained in [84][83][97][92] .

Table 2: Meanings and Definitions of queuing theory terms

Name Meaning
Consumers: An application requesting service from the provider
M/M/1/k A Queue system in which consumers arrive at random rate, exponential service rate, one server

and having limited buffer size with FCFS discipline

M/M/c/k A Queue system in which consumers arrive at random rate, exponential service rate, more than
one server and having limited buffer size with FCFS discipline

M/M/1/Pr A Queue system in which consumers arrive at random rate, exponential service rate, one server
and having unlimited buffer size based on Priority

M/M/c/Pr A Queue system in which consumers arrive at random rate, exponential service rate, more than
one server and having unlimited buffer size based on Priority

3. CLOUD CHALLENGES

While this paper could be used as the building block or the foundation to formulate other policies on how to optimise waiting
time and costs in Cloud E-Marketplaces the performance issue goes beyond waiting time and cost. Other performance related
issues are: SLA compliance, and the Network and Application challenges. Therefore, making Performance Monitoring as Service
(PMaaS) would be a great solution to these challenges. It must be stated that traditional server monitoring is quite different from
performance monitoring in the Cloud. This is because traditional performance monitoring focuses on specific components rather
than having a holistic view of the cloud environment [98]. This could be done through a systematic performance monitoring
framework. This framework could be broken down into sub-frameworks to address each of the performance related challenges.
The first of the sub-frameworks could address the issue of SLA, which is the reciprocal agreement between the provider of an IT
service and the consumer of that service about the level of service, or QoS, to be delivered [99]. This sub framework could be
created to contain some components like the monitoring, processing, data and reporting components. These components can then
be integrated through some interface units.
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These components should consider the dynamic nature of the cloud E-Markets where resource usage changes. It should also
consider the issue of different service offerings provided by different service providers when determining the various QoS
requirements. Part of the components should also introduce a third party mechanism that will monitor, checkmate the abuse and
non- compliance to the agreed QoS. Another critical area under the SLA is how the consumer-provider information that is used
by the components could be loosely coupled such that only necessary information is provided without the detailed information
revealed to the receiving end for security sake because of the involvement of a third party. This is because tightly coupled data
may not be able to take advantage of many performance-enhancing features of E-Market clouds, such as placing database
processing in a series of elastic instances or using a database as a service in the host E-Market cloud [100]. The issue of Network
monitoring is also important because slow networks mean slow systems and also poor performance. The other sub-framework
should address the issue of network monitoring in cloud E-Marketplaces. This will look into how various fault tolerance
mechanisms could be put in place to cater for some network problems like network failure, and attenuation that sometimes has a
great effect on the QoS of consumers. In addition, issues like VPN and bandwidth monitoring should be addressed. The
researcher’s idea of proposing PMaaS is to lift the burden of IT infrastructure from the consumer and at the same time reduce
costs and allow service consumers to concentrate on their core business, thereby allowing performance related issues to be
handled by cloud E-Market providers.

Apart from the issue of creating performance monitoring as a service, the Modelling structure (M/M/1/c/FCFS, M/M/c/FCFS,
M/M/1/c/Pr, M/M/c/Pr) used by the researcher in this thesis could be changed or remodelled to reflect new arrival, service,
discipline and population patterns in the cloud E-Marketplaces. This will require a different mathematical queuing theory with
different simulation and real life concepts. Different research questions could be generated. Systematic analysis and evaluations
could then be carried out to know the level of correctness of such a model and the degree of improvement over the existing ones.
For example, the arrival and service patterns of consumers could be remodelled as markovian and General (M/G/c/Pr) for non-
preemptive priority operation. This may be General (G/G/c/FCFES) for non-priority FCFS operation depending on the existing
service strategy that will strike a good balance between the QoS or parameters under consideration. Apart from these challenges
which other researcher can further contribute there come some critical issues in cloud E-Marketplaces that need to be addressed.
These includes that of latency, Intermittent Cloud disconnection because of Network failure, and scalability. For example, the
concept of latency is based on the fact that Cloud E-market is not closed to the client or consumers. Sometimes the provider of
certain service will need to connect to other domain to provide that service for the consumers. There are other challenges that are
discussed in the next section. These challenges brought the emergence of Fog Computing.

4. FOG E-MARKETPLACE

Fog E-Marketplace is the architecture that extends the service offered by Cloud E-Marketplace to edge devices. Sometimes it is
called the new cloud market and also some scholars say it has come to replace cloud market. But the fact is that Fog market is an
evolution of cloud market. This new evolution emanated from the era of mainframe which was then based on client — server
solution that was distributive in nature. Technological advancement moves us from client-server solution (Distributive) to cloud
solution (Centralized). But today we are back to distributive as we move from cloud based solution to Fog based. A typical
architecture of Fog is shown in Fig. 4. This consists of three layers; the cloud layer, the Fog layer and the client layer. The Fog
layer extends the cloud. This consists of localized servers that are close to the clients (Applications). These servers use a pro-
active method to a forecasts the mobile client’s or consumer’s demand on information and pre-cache the most desirable contents
accordingly[101]. The Fog layer serves as an intermediary between the cloud and the application layer. In this layer several Fog
servers can be connected to each other using the IP core technology. For example, the Fog parkland server in location 1 can be
connected to the Fog shopping center server and connected to those servers adapted from mobile based station as shown in Fig 4.

Cloud T Far
T
I
I
I
I
R
Fog
T
1L
Mobile [| Mear
| 1 | Distance
Loscanion 1 Location 2 Lamcation 3 to Users
(=g, parkiand) {eg . shopping le.g., fog senvers
cEmter) adapted frarm
cellular based
Sration)

Figure 4: Fog E-Marketplace
Source: eprint arXiv:1502.01815
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Fog market allows us to carry out storage, communication services at the distributive level. This differs from the cloud that
allows storage and communication to be done at the central level. The main focus of Fog marketplace is to allow light-weight
cloud-like facility at the proximity of mobile users; the Fog therefore can serve mobile users with a direct short-fat connection as
compared to the long-thin mobile cloud connection[102]. In [103], the authors define Fog market as distributing data and
intelligence for resiliency and scale necessary for IoT. From the diagram above one can deduce that:

Fog = Cloud + IoT

Where [oT = Internet of a thing.

Internet of a thing is the network of physical accessed through the Internet that contain embedded technology to sense or interact
with their internal state ot the external environment. This can be represented mathematically as:

IoT = 5mall sensors + Big data + Action

Table 3 enumerates cloud challenges and how Fog has come to help.

Table 3: Cloud challenges and how Fog can help

Cloud Challenges How Fog can help
1. Critcal Latency Requirement 1. Fewer Network Topology
2. Data Richly Mobility 2. Data located at optimal depth, local caches
3. Geographic Diversity 3. Intelligence localized as appropriate
4. Network Bandwidth Constraints 4. Local processing reduces core Network log.
5. Reliability/ Robustness 5. Fast fail-over; local response in emergency
6.  Analythics Challenges 6. Analytics and storage at the right level
7. User data/Geographic privacy 7. Fit can ammonize and aggregate used data

While Fog market has come to stay, there are some challenges. These include:
e  How to optimize the extra management and the maintenance costs incurred as a result of the Fog service adaptability to
the localized clients [104] .
e  The issue of how to customize the clients’ applications by the Fog operator.
e  Vulnerabilities to system confidentiality, integrity, and availability are challenges [104].
e  How Fog servers will forecast and deploy immediately the needed resources needed by localized clients is also a great
challenge.

Although the Fog market in it full emergence hope to address several issues like low latency, Geo-distribution, Real-time
interactions, location Awareness, Support for mobility. However, the other challenges need to be critically address before the full
implementation.

5. CONCLUSION

This paper has presented the trends in Marketplaces. The paper has investigated the Traditional, Internet, Web service, Grid and
the Cloud E-Marketplaces. The pros and cons of each marketplace that led to the emergence of other market have been examined.
The current state of the art in Cloud E-Marketplaces has been studied and the cloud challenges which led to the evolution of Fog
computing have also been identified. In addition, the issue Fog computing is discussed and area of opportunities are further
identified. The contribution of this paper is on the critical review carried out that identifies some shortcomings in the E-
marketplaces. This will be an opportunities for other researchers to identify or utilized some gaps and further make their
contribution.
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