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Scalable Communication Infrastructure
through Resource Provisioning Approach for
Reliable Social Networking System
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Abstract: Nowadays social networking system serves as an
important information technology (IT) infrastructure of growth
for community. Demands for scalable resource sharing in the
system have become extremely important due to strong
requirements imposed by the dynamic behaviour of users and
resource communities. With the increasing number of entities in
the system, inadequate information and unsuccessful
accessibility of resources have becoming critical factors that
degraded system performance. We present a hybrid resource
provision scheme for improving resource communication in
terms of availability and reliability while aiming for cost-effective
processing. Specifically, our resource provision scheme
incorporates an automated analytic for achieving accurate
resource information while minimizing processing overheads and
inter-communication latency. The provision scheme then
incorporates trust-based scheduling policy to deal with diverse
processing requirements and heterogeneous resources.
Simulation experiments proved the efficacy of our scheme in
achieving better trade-off between system scalability and
performance; and helps sustain cost-effective computing.
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I. INTRODUCTION
Generally, continuous growth of community computing in
social networking system has led to complex systems of
behavior from handling large users’ communications to
resource capacities [1-5]. The resources in regards
processing and communication capacities forms the core of
support infrastructure for performance optimization in such
system. The computing paradigm of the social networking
system poses new challenges to the scalability problem,
because they have to process the large volumes of datasets
and might have loosely coupled tasks. The wide range of
resource selection and high degree of heterogeneity leads to
problem of selection. In response to scalable computing,
processing and communication services are necessary to be
operated and maintained in efficient and cost-effective
management. In the social networking systems, every users’
applications are completely different, dynamic and
independent.
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They are generally allocated to the high-performance
computing resources. However, resources’ information in
regards their capabilities are hard to determine prior in
dynamic computing environment. Meanwhile, the
information service in network management systems
provides only the most elementary information to guide on
resource selection process [6, 7]. In Cloud, for example, not
all information is available for the resource
manager/scheduler to assist in the selection process for
resources [8]. In many cases, if not all, the information
returned by the service is costly to obtain, inaccurate or
outdated. Hence, it is necessary to develop resource
provision scheme of accurately evaluating resource
capabilities (i.e., capacity and availability). An effective
provision scheme also needs for reducing expense of
processing and communication during intersection of social
behavior and computational systems. Further, it significantly
increases successful task execution.
This motivated us to design a scalable communication
infrastructure that able to adapt heterogeneous and dynamic
social computing environment while integrating the notion
of cost-effective and trust processing. We define scalable as
the capability of resources for maintaining to function well
in social computing and adapting to processing demands.
Specifically, our communication infrastructure utilizes the
resource provision scheme for reconciling the dynamic
mapping rules with trust-based scheduling. With the diverse
processing requirements from the systems’ users, we
employ resource trust factor for the available resources. The
trust factor aims to ensure the continuous processing
reputation of inter-communication among resources in the
social network management. In this work, we also focus on
interoperability among resource sites where the
communication happens through the network links that are
able to provide effective transmission within the social
entities (i.e., end-users, public Cloud, organization etc.).
Due to unpredictable changes in resource availability, our
communication infrastructure incorporates automated
analytics for determining the accurate resources’
information. Such analytic required the resource
manager/scheduler to continuously monitor the valuation of
resources’ behaviors in the social computing. The analytic
approach intents for minimizing computing cost in terms of
overhead and latency. This work evaluates in our extensive
simulations (i.e., comparison with other provision schemes)
through varying values in processing and communication
capacities, and a diverse set of data communication.
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The results obtained from our comparative evaluation
study clearly show that our communication infrastructure
improves communication time while experiencing low in
processing cost. The remainder of this paper is organized as
follows. A review of related work is presented in Section 2.
In Section 3, we described the models used in the paper.
Section 4 details our resource allocation approach.
Experimental settings and the experimental results are
presented in Section 5. Finally, conclusions are made in
Section 6.
II. RELATED WORK
Despite of decades of research advances, social
networking system keeps posing challenging research
questions [4, 9-11]. It is due to ever-increasing data
communication in variety and scale, and increasing diversity
of resources and network domains. There is new finding in
[12] where to consider the use of variety resource
management infrastructure. Such ideas raises due to it will
be anticipated to impact areas, such as connecting people
and devices, data-intensive computing, the service space and
self-learning systems. Due to uncertainties in the resource
availability and cost of using resources (e.g., in Clouds),
resource management mechanisms such as resource
provisioning, rescheduling, migration have been extensively
studied in the literature (e.g, [13-15]). There has been
increasing interest in addressing dynamic resource
provisioning decisions for performance optimization.
Due to the resources are geographically located over
many locations in the network, resource provision scheme
should aim for scheduling resources that closer to users to
increase availability while reducing the costs. The existing
resource management mechanisms are either has considered
computational power and communication link as one
perspective, or only considered one of those. The game
theoretical framework is proposed in [15] focus on
distributed resource management and formulates the
bandwidth allocation problem. Their cloud-based social
networking is designed to efficiently deal with quality of
service provision in multimedia sharing and distribution.
The scope of the model is for the mobile users that watch
multimedia live-streaming where their cheat-proof
mechanism aims to motivate mobile users to share
bandwidth. Meanwhile, the authors in [9] developed the
resource allocation framework for Device-to-device (D2D)
communication that called as the social-community-aware
D2D. They proposed the two-step coalition game for
allowing the cellular users to share their channels with D2D
communications within the same community group of
people. The study is considered both processing and
bandwidth capacities. The factors of processing and
communication in resource management are significant for
the system performance. It is been claimed by the authors in
[16] that efficient algorithms for resource allocation is
reliant on processing latency and communication costs by
minimizing these metrics. Hence, they developed datacenter selection algorithms for virtual machines (VM)
placement that minimize the maximum distance between the
selected data centers in order to get the maximum benefit
from the distributed cloud system. Meanwhile, with the
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heuristic algorithms, their allocation scheme performs well
for assigning VMs to processing resources in the chosen
data center locations.
Note that the success of the overall resource management
mechanisms lies with the scalability, efficiency,
manageability, reliability of the systems in providing and
managing the resources (i.e., workers, computation time,
memory, energy). It is vital for the social system to manage
the resources efficiently and ensure the computing and
communication demands are able to access the appropriate
information; regardless of the place and time. It is because
failing to manage the resources would not only impairing
the system functionality but also affecting the overall cost
and performance. The automated resource management
system for Cloud computing environment that proposed in
[17] addressed the issue of data centers operation where
always underutilized due to over provisioning for the peak
demand. The work achieves good balance between the
overload avoidance and green computing. The authors in [3]
propose a failure-aware resource allocation strategy by
calculating resources' reliability states. They defined the
capacity-reliability metric and used best-fit algorithm to find
the best qualified resources on which to instantiate virtual
machines (VMs) to compute users’ requests. The authors in
[18] proposed dynamic resource provision that considered
the user-specified level of accuracy in order to transmit the
communication from one resource to another. Their work
focuses on the traffic characterization for determining the
right set of resources assigned to each communication at
each switch. While considering the high accuracy for data
communication, the provisioning approach also taking
network-wide resource constraints as well as traffic and data
dynamics into account. In the wide-networks such as social
networking system, if there is multiple communication
relays exist, the selection process, wherein scheduler
chooses the “best” relay, is expected for minimizing
overhead [18, 19]. The authors in [4] proposed the
assessment mechanism for social resource allocation that
considered welfare, allocation fairness, and algorithmic
runtime. They utilized the social network model of
virtualized containers from the users’ personal computers or
smart devices. The assessment mechanism investigated on
how the social networks able to leverage in the construction
of Cloud computing infrastructures and how resources are
allocated in the presence of user preferences. Our
communication infrastructure explicitly takes into account
both computational power and link communication capacity
based on the user preferences (i.e., priority) in selection and
mapping strategies to efficiently meet fluctuating demands.
Note that the success of the overall resource management
mechanisms lies with the scalability, efficiency,
manageability, reliability of the systems in providing and
managing the resources (i.e., workers, computation time,
memory, energy). It is vital for the social system to manage
the resources efficiently and ensure the computing and
communication demands are able to access the appropriate
information; regardless of the place and time.
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It is because failing to manage the resources would not
only impairing the system functionality but also affecting
the overall cost and performance. The automated resource
management system for Cloud computing environment that
proposed in [17] addressed the issue of data centers
operation where always underutilized due to over
provisioning for the peak demand. The work achieves good
balance between the overload avoidance and green
computing. The authors in [3] propose a failure-aware
resource allocation strategy by calculating resources'
reliability states. They defined the capacity-reliability metric
and used best-fit algorithm to find the best qualified
resources on which to instantiate virtual machines (VMs) to
compute users’ requests. The authors in [18] proposed
dynamic resource provision that considered the userspecified level of accuracy in order to transmit the
communication from one resource to another. Their work
focuses on the traffic characterization for determining the
right set of resources assigned to each communication at
each switch. While considering the high accuracy for data
communication, the provisioning approach also taking
network-wide resource constraints as well as traffic and data
dynamics into account. In the wide-networks such as social
networking system, if there is multiple communication
relays exist, the selection process, wherein scheduler
chooses the “best” relay, is expected for minimizing
overhead [18, 19]. The authors in [4] proposed the
assessment mechanism for social resource allocation that
considered welfare, allocation fairness, and algorithmic
runtime. They utilized the social network model of
virtualized containers from the users’ personal computers or
smart devices. The assessment mechanism investigated on
how the social networks able to leverage in the construction
of Cloud computing infrastructures and how resources are
allocated in the presence of user preferences. Our
communication infrastructure explicitly takes into account
both computational power and link communication capacity
based on the user preferences (i.e., priority) in selection and
mapping strategies to efficiently meet fluctuating demands.
CT(i,,j) = (wait_t + exe_t)
(1)
where wait_t is the elapsed time between a submission,
and the start of execution and exe_t is actual execution time
of task, respectively. Workloads arrive in a Poisson process.
We assume that the workload’s profile is available and can
be provided by the user using job profiling, analytical
models or historical information.
Social Networking Model

The target system used in this work (Fig. 1) consists of
several distributed resource sites or nodes given as Sx where
x = [1, 2…, s] which are loosely-coupled sites connected by
communication links. In each site a scheduler resides which
it handles workloads from system users that comes from
variety network devices where it can be considered as data
centers, mobile devices, wireless access point (WAP) etc.
that is illustrated in Fig. 1. The scheduler then maps the
workloads/demands onto compute resource. Each scheduler
is given the authority to keep track of its resources’ details;
where different scheduler deals with its workloads in
parallel. Each resource j is associated with processing
capacity to complete the scheduled workloads. More
formally, the processing capacity of resource j is defined as:
PCj = ∑speed + (L/∑ exe_t)
(2)
where speed is relative speed of resources and L is the
total number of workloads completed within some
observation period, respectively. For a given resource, its
processing and availability fluctuated. Therefore, the actual
completion time of a workload on a particular resource is
difficult, if not impossible, to determine a prior. The number
of resources in this study is assumed to be relatively less
than the number of users’ demands to be processed.
The resource scheduler may communicate with each other
to share and exchange resources’ information, in the sense
that there is a communication link between them. The link
represents connection between sites and it might be an
actual link of cable or a virtual link of the Internet. There are
two type of connections considered in this study; direct
connection and indirect connection. If the direct connection
is not operational or no direct connection exists between the
two sites, the schedulers can communicate through other
intermediate peers bandwidth between any two individual
sites varies corresponding to realistic network; thus, the
inter-site communications are heterogeneous. The inter-site
communications are assumed to dispute with some delays.
The performance of communication link also affects
resource performance to a certain degree due to
heterogeneous links. It counts all gains and losses in
transferring the workloads between the schedulers. For a
given workload, start time of processing might be affected
by the fluctuation in the link capacity; more specifically,
delays in communication time and the average rate of
successful communication. Hence, data transfer rate
between resource schedulers (i.e., scheduler a and b)
through the communication link l can be expressed as in Eq.
3.
lcl = (1 − dyl ) + CD (scheduler a, b)
(3)
where dyl is average of transaction delay in
communication link l and CD(scheduler a, b) can be derived
from the size of workload divided by the mean speed of the
current link between the scheduler a and b. We believe that
minimization of the processing cost in terms of delay and
latency robustly contributes for enhancing system
scalability. By referring Eq. (1) and (3), we define the
processing cost for workload of user i as;

Fig. 1 The Social Networking Model
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(4)
In this study, cost component such as local disk I/O and
cooling systems are neglected, given that the cost-effective
decisions focus on timing factor.
III. HYBRID PROVISION SCHEME
This section begins by describing our automated analytics
strategy for identifying the resource information that based
on availability and capacity. It is an effective means for
effectively handling fluctuating in resource performance.
Later, we describe the trust-based scheduling that take into
account processing and communication link availabilities in
order to meet the ever- growing processing requirements.
Automated Analytics for Resource Discovery
Note that the network communication infrastructure takes
into account both computation and communication factors to
determine resource capability. In particular, the system
performance could be lower due to involvement of
unpredictable changes in processing capacity hence,

increases execution time during peak workload (or heavily
loaded). That makes the communication links becomes more
intensive due to heavy traffic that implicitly increases
communication latency. In response to the issue, it is
significant to identify accurate information of resources in
the communication infrastructure. Our automated analytic
for resource discovery strategy concerns two procedures, (i)
local and (ii) global explanatories. These two explanatories
are different in terms of information scale that is collected
by the resource scheduler. For the local explanatory, only
the computing availability is taken into account while the
global explanatory tracking both computing power and
communication link availabilities. The local explanatory
determines resource availability by evaluating the total
processing capacity in the site. The resource is considered
available if its average waiting time smaller than average of
waiting time in the site. It aims to avoid lengthy waiting
time in incapable resources (i.e., average wait_t@j >
average wait_t site).

Fig. 2 Overview of the Trust-based Scheduling
The global explanatory involved the inter-communication
between sites. This resource discovery is needed and applied
when there are workloads need to be rescheduled or migrate
between sites. Note that the sites connected through
heterogeneous communication links; hence the availability
of communication link comes into a picture. In initial phase,
the resource scheduler traced all the available links that are
connected to them. Basically, we have two communicating
sites that refer as sender site and receiver site where the
sender site might connect to more than one receiver sites.
The link availability is defined as the probability that there
is link exists between sites either direct connection or
indirect connection at a particular given time (describe in
Section 3.2). In the second phase of the global explanatory,
the resource scheduler calculated and compared all data
transfer rate of the available links. It only selects the link
with the smallest data transfer rate to transfer the workload
to the available compute resources. When the workload
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reaches to the receiver site, it then scheduled into the site’s
queue as a new arrival workload.
Trust-based Scheduling Formation
We focus on large-scale resource sharing that resides in
the social networking system. Hence, the information of
both processing power and communication link has
significant on performance optimization. Basically, the
system is able to improve execution time if the resources are
available and able to meet certain level of demands.
However, the available resources might not always be
suitable for the users’ workloads due to resource
heterogeneity. In response to this, we formulate suitability
function between resource and workload for looking
resource alternatives (Fig. 2).
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Due to the workloads come with different priorities, there
is also increasing interest from the users to schedule their
workloads into the most dependable resource for reliable
performance. In some cases, the workload might be required
additional processing requirement; such as the higher
priority workload is essentially to be executed first. Hence,
it is significant to effectively match the processing capacity
with users’ demands and aim for better completion time.
The matching policy for both resource and workload is
determined based on a suitability/fitness function between
compute resource j, data rate of communication link l and
workload weight wi as defined to be:

(5)
where PCj and lc are taken from the Eqs. (2) and (3). The
workload is assigned to the resource that gives the highest
suitability/fitness value fit(j,i)l where it is connected through
communication link with low data transfer rate. Note that, it
allows the workloads to meet the processing requirement
with low communication cost. In some cases, for instance, if
there are calculated with same fitness value for a given
workload, it then assigned to the resource that gives the
highest processing capacity. The workloads without any
additional processing requirement are assigned into the
available resources based on the preferences of resource
trust factor. The resource trust factor aims to express
trustworthiness of the underlying resources based on their
capacities (i.e., processing and communication). By utilizing
the Eq. (3), the trust factor of resource j and link i, it is
formally defined as follows:
1, if average wait_t@j< average wait_t site
A(j,l) = aj + lcl where aj = :
0 otherwise
(6)
As the resource availability is also affected by the waiting
time of the workload in the scheduler, we further introduced
an adaptive ranking that based on workload priority.
Initially, the workloads at resource site are mapped
according to their priority value pri. However, the resource
scheduler is permitted to modify the priority of the workload
from lower to higher value when the waiting time of the
workload is 50% higher than the average waiting time in the
queue (i.e., 0.5 wait_ti > average wait_t@q ). The scheduler
regulated a new priority of a given workload by
increased 5% of initial priority value. Note that, the value
satisfies with our workload priority ranges that being set in
experiments. The workload rank is frequently updated and it
repeats until no further processing requirements to be
executed.
IV. PERFORMANCE EVALUATION
In this section, we first describe the experiment
configuration. Then, experimental results are presented. We
study the performance of our network communication
infrastructure; name Adaptive Social Networking
Communication (AdaSoN) by using the resource provision
scheme for system scalability that is compared with three
other resource provision algorithms, which are Suit-fit,
Max-max and Rand. In the Suit-fit, the suitable resource for
a particular workload determined merely according to the
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highest suitability value fit(j,i). Max-max heuristic
algorithm maps workload to the resource, which gives the
highest suitability value fit(j,i) from its maximum list.

Fig. 3 Resource Utilization with Different Provision
Approaches
It allows the workload that assigned into the most suitable
resource to be executed first in order to achieve better
execution time. In Rand, workloads are randomly mapped to
available resources. Performance metrics used for the
experiment are resource utilization rate, processing cost and
success rate. The utilization rate which is defined as the
percentage of time the resource is busy servicing users’
workloads, given by:

(7)
where L denotes is the total number of workloads
completed within some observation period. In addition to
utilization rate RU, the processing cost denotes the cost to
fulfil users’ processing requirements, as in Eq. 8.
β = (average costi ) * ∑exe_t (8)
where the cost value is given by calculating Eq. (3).
The resource with a higher trust factor is more likely to
improve user satisfaction in terms of minimizing execution
time and processing cost compared than the resource with a
low contribution. The scheduler of each site constantly
checks the resource trust factor to indicate the resource that
is sufficiently qualified to process the workloads.
To better understand on how trust-based scheduling helps
in providing reliable communication, we invent the success
rate denotes the number of priority workloads that are
completed within users’ satisfaction obtained. It is generated
by dividing the total number of high priority workload that
successfully completed over the total number of workloads
that been executed, specifically by using Eq. (9).
(9)
The users’ satisfaction is considered that happen when
there are no complained or resubmission of the workload in
the social computing. These metrics are used to measure the
degree of system performance and to identify how well our
communication infrastructure deals with heterogeneous
processing and communication requirements.
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Fig. 4 shows the average processing cost that is plotted
against number of workloads, respectively. Our
communication strategy obtains appealing processing cost
by using adaptive provision scheme compared to three other
schemes, about 60% on average. Although all resource
provision schemes in the simulation considered
communication links during the scheduling process, our
AdaSoN benefits for handling various workload priorities
and heterogeneous resources by introducing the analytic
resource discovery.

Fig. 4 Processing Cost with Different Provision
Approaches
Experimental Settings
We evaluated our resource provision scheme via
simulation with number of resource sites ranging from five
to twenty in each of which its own scheduler resides. Each
resource site contains a varying number of core ranging
from 4 to 8 units. The relative processing power (speed) in
each core is selected within the range of 1 and 7.5. The
number of workloads in a particular simulation is set
between 1000 for indicating non-peak communication and
5000, for the peak communications happen in the simulation
system. Inter-arrival times (iat) of the workload follow a
Poisson distribution with a mean of five time units. Note
that, iat satisfies with the mapping technique without
explicitly increasing significant time delay in the system.
For the given workload, the communication weight is
randomly generated from a uniform distribution ranging
from 103 to 106. The workload priority values are between
0 and 1, where 0 indicates the lowest priority and 1 indicates
the highest priority. The speed of a communication link is
uniformly distributed within the range of 10 and 100. We
vary the percentage of the transaction delay in
communication link from 10% to 50%. Note that the
smallest delay has a success workload transaction close to
100%.
V. RESULTS
Experimental results are presented in two different ways
based on system performance and communication
effectiveness.
Experiment 1: The impact of resource provision scheme on
system performance
As shown in Fig. 3, the proposed social networking
communication outperformed others in terms of utilization
rate. The superior performance of our communication
strategy is primarily achieved by scheduling approach that
take into account both processing and link availabilities.
Specifically, the incorporation of two different mapping
strategies (i.e., suitability value and resource trust factor)
into our provision scheme leads to better completion time of
users’ workloads. It also observes that Suit-fit is comparable
with our approach. It is due to the fact that both strategies
considered suitability value during their matching processes
for optimal scheduling. However, it indicates that AdaSoN
works 30% better in the case of more workloads coming or
being processed.
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Fig. 5 Success Rate with Different Provision Approaches
Fig. 5 shows the results of successful workload execution
between AdaSoN and Suit-fit. Although the experiments are
conducted with other resource provision schemes (i.e., Maxmax and Rand), they were not explicitly stated. It is due to
such algorithms does not significantly differentiate results in
terms of success rate. In Max-max and Rand algorithms,
most of the workloads met their priorities (i.e., good in
success rate), however they are noticeably increasing the
processing cost. Therefore, in Fig. 5 we merely plotted the
results with reliable in both success rate and processing cost.
The figure clearly signifies the superior performance of our
approach over Suit-fit, regardless of higher successful
workload. It indicates that our scalable communication
strategy with direct and indirect connections is able to
capture better execution time without excessive processing
cost.
Experiment 2: The impact of communication strategy on
system variability
In response to appealing result in the Experiment 1, we
enhance the experiment of AdaSoN in order to measure on
how the variation in resource availability affects the
computing and communication cost (denoted as processing
cost). In this experiment, we vary the heterogeneity of
resources availability according to four different states of
availabilities between communication link and processing
power, as given in Table 1. The state of resource
availabilities is derived based on normalization values from
the first experiment.
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Table. 1 Different States in Resource Availabilities
State of availability
st

1 state
2nd state
3rd state
4th state

Processing node

Communication link

High
High
Low
Low

High
Low
High
Low

Fig. 6 shows efficient results in terms of processing cost
in the first three states of resource availability in AdaSoN
(less than 50% on average). This is can be explained by the
high availability of resources either in processing powers or
communication links is much preferable helps the network
systems to continuously exhibit improvement in costeffective processing.

conserving reliable communication. In this work, we
addressed the scalability issue for social networking system
in the context of inter-communication in dynamic and
heterogeneous computing. We have effectively modelled
communication infrastructure by utilizing the automated
analytic for encompassing resource information that helps in
identifying accurate resource state. In addition, the
scheduling approach with trust factor is introduced to
benefit in handling diversity in users’ processing
requirements, with minimal possible performance
degradation. Our communication strategy for social
computing also able to yield interesting insights into the
cost-effective processing in regards minimizing overhead
and latency. Based on our extensive simulation results, the
communication strategy demonstrates robust decisions in
the sense that system performance remains at a good level
regardless of different workload patterns. We highlight that
the scalable communication infrastructure contributes for
improving system reliability, which will result in a
proliferation in the performance of social networking
system.
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