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Abstract. The development of modern technologies has greatly improved the
capability of mobile devices. Along with this, mobile devices can provide their
idle resources such as apps, sensors and network to others via service computing.
However, mobile service hosts cannot satisfy excessive service requests due to
relatively limited capabilities and resources. Therefore, how to select service
requests and schedule them to an efficient utilization has become a critical
problem. To deal with this problem, we propose a novel approach named
RDSP4MH (revenue-drive service provision for mobile hosts) towards request
selection, request scheduling and resource allocation for mobile service hosts.
The experiments have demonstrated the high performance and efficiency of the
algorithm.
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1 Introduction

With the rapid development of mobile devices and wireless technologies, mobile
systems have been playing an increasingly important role in our daily life. Meanwhile,
the manufacturers of mobile devices have also achieved breakthroughs to extend mobile
devices’ capabilities in terms of memory, computational power, storage capability and
embedded sensors. However, these powerful mobile devices are typically idle most of
the time, which makes it realistic for mobile devices to share their surplus capabilities,
resources, data, etc., as services to others to make profits. A common example of mobile
service provision is that a smartphone user can create a wireless hotspot to provide his
mobile network for others when he is in a meeting, on sleep or busy on other things.

Mobile service provision has nowadays emerged as a promising technology for the
extension of traditional service computing. In [2], the opportunities and challenges of
mobile service provision are analyzed in detail, such as it has enabled us to provide
services anytime and anywhere; mobile hosts can provide services that cloud providers
cannot provide, such as providing the surrounding environmental information by
utilizing their sensors; mobile service provision can be delivered through free wireless
networks such as Bluetooth and Near Field Communication, which are available even
if the mobile network is broken-down as well as saves the cost of mobile Internet. Due
to these advantages, mobile service provision can be widely applied to Internet access
sharing, sensor data applications, crowd computing, etc. as illustrated in [3].
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Besides its potential benefits, mobile service provision is still facing a number of
challenges. When facing excessive service requests, mobile hosts would not be able to
satisfy all these requests due to intrinsically limited computing capabilities and
resources. Therefore, to achieve effective service provision, a reasonable and effective
strategy should have capability to (1) decide whether to accept or reject an incoming
service request and (2) perform scheduling and resource allocation for the selected
service requests according to required resources and their current condition.

As the computing capability and resources are limited, methods for service provision
must be lightweight. Powerful cloud service providers always accept all service request
and adopt heuristic algorithms or machine learning methods for request scheduling. For
example, Lee et al. intended to achieve efficient resource and cost management. They
proposed a heuristic algorithm based auction system to decide when and how providers
should allocate their resources and to which users [4]. Albagli-Kim et al. presented a
comparative study of approximation algorithms and heuristics for scheduling jobs with
dwindling resource requirements [1]. However, all these researches are for powerful
large-scale cloud servers. None of them address the problem from the perspective of
mobile providers. In addition, most of them model service provision problem as NP-
hard problems and adopt heuristic algorithms or machine learning methods, which are
typically with high computational overhead. Therefore, they cannot be applied to mobile
service provision.

In this paper, we address the problem of service provision for mobile hosts, and
design a novel lightweight approach towards service request selection, request sched-
uling and resource allocation. The algorithm is of low time complexity and performed
dynamically according to the current condition of mobile devices, with object to increase
service provision, optimize resource utilization and eventually maximize the revenue.

The rest of the paper is organized as follows. In Sect. 2, we present basic definitions
and formalize the problem. Then we describe the main operations and algorithms in
detail in Sect. 3. In Sect. 4, we show the evaluation experiments and analyze the results.
Finally, we conclude the paper outline our future work in Sect. 5.

2 Problem Definition

Definition 1 (Mobile Host). A mobile host is a 2-tuple (S, A), where:

- 5= {si}:;l, describing the set of services that the mobile host can provide;
— A s a function describing the available resources the host can share. For each time
point t, the available resources are denoted as a set of 2-tuples

A = {(ri, mi) }:;1, where n is the number of types of available resources the host
can provide, and r; and m; denotes the name and number of the i-th kind of resource,
respectively.

Mobile services can be the applications, data, etc. of service host. Service provision
should not disturb the normal usage of mobile devices (e.g. phoning for mobile phones).
Therefore, available resources are dynamically changing over time.
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Definition 2 (Mobile Service). A mobile service is a 4-tuple (i, h, R, QoS), where:

— 1 1is the basic description of the service, including the identifier, input, output, pre-
condition and result of the mobile service;

— h is the host of the mobile service;

— R describes the resources needed for the mobile host to execute the service, and it is

denoted as a set of 2-tuples R = {(ri,nl-)}:il, where m is the number of types of
required resources, and r; and n; denotes the name and number of the i-th kind of
resource, respectively;

— QoS is a set of attributes, including price, response time, reliability, availability,

reputation, etc.

Definition 3 (Revenue-Driven Service Provision). Given a service host h, with its

available resources A(t) = {(ri,mi) }::1, and the incoming service request sequence
q1, 9»-.., request selecting and scheduling is to select a set of service requests S from

the sequence and schedule them to the execution sequence E to

Maximize }, ¢ price,

st.q"="q=1, foreachq € § 1)
q < tz, foreachq € S @
vt, quE(r)ns R(r,q) < A(t,r), foreachr € A(t) 3)

Mobile service providers always provide services for some purpose (e.g. getting
money, rewarding points, etc.), and they want to optimize their purpose while providing
services. Specifically, we regard revenue as the purpose of mobile service provision in
this paper. If mobile hosts provide services for other purpose, our method can still be
applicative by simply changing the optimizing objective. In Definition 3, price, denotes
the price corresponding to request g. Equation 1 implies that the arrangement of each
request is in accordance with its execution time. Equation 2 illustrates that each request
should be completed before the deadline in order to guarantee its response time. More-
over, the allocated resources should not exceed the available resources of the host at any
time, as specified in Eq. 3.

3 RDSP4MH Approach

For each request, the host should judge (1) whether it can be completed in time, (2)
whether it can be allocated with sufficient resources, and (3) whether the revenue is
increased. Each request can be accepted if and only if all these three principles are
satisfied. Our RDSP4MH performs request selection and scheduling based on these three
principles. The algorithm is show in Algorithm 1.

For an incoming service request g,, we should insert it to the request sequence
according to its deadline first (lines 1), for the reason that if the request with later deadline
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is executed first, it may leads to the timeout of some requests with earlier deadline, which
may decrease the revenue. The deadline of g, can be computed according to its arriving
time and response time. Then, we should check whether g, can be executed before
InsertTime (lines 2). Next, we check whether ¢, can be inserted to InsertTime (lines 5—
6). If g, cannot be inserted, then the Timeout algorithm will be invoked, implying that
the host cannot be able to accept all the requests and either g, or some requests before
InsertTime will be rejected. If g is inserted to the execution sequence, then the subse-
quent requests will be postponed. If a timeout occurs to any postponed request, it also
needs to invoke the Timeout algorithm.

Algorithm 1. RSS4MH Algorithm

Input The request execution sequence E, available resources R of the mobile host and
the incoming service request ¢
Output  Updated request execution sequence
1 Compute the InsertTime of g, in the request sequence according to its deadline
2 if there is a time point ¢ before InsertTime such that there is an interval following ¢
that is long enough and with sufficient idle resources for g, to execute
3 insert g, to the execution sequence at time point ¢
else
if there is an interval following InsertTime that is long enough and with suffi-
cient idle resources for g, to execute
insert g to the execution sequence at time point /nsertTime
else
if there is a time point ¢ after InsertTime such that the time interval fol-
lowing ¢ is long enough, with sufficient idle resources for g, to execute,
and the end time does not exceed the deadline of g

9 insert g to the execution sequence at time point ¢
10 if gy is not inserted to the execution sequence
11 Timeout (E, R, gy, t)

Definition 4 (Dominance). Given a service request q,, an execution sequence E and a
set of service requests S, qy dominate S if and only if

3z, such that vz € (¢,, 1, + ) and Vr € R(q,),

R(r,qy) <A@, 1)+ Y esnew R(r. @) and price, > ¥ ¢ price, S

In Definition 4, constraint 4 illustrates that there is a time interval, during which the
idle resources and the resources allocated to the requests in S adds up to exceed the
required resources of gy, meanwhile, the revenue for executing g, is more than executing
all requests in S. Therefore, if g, dominates S, the requests in S can be safely replaced
by gy, with the revenue increased.

The timeout process algorithm is shown in Algorithm 2. It is realized by constant
searching of dominated request set with minimum price. For each time unit before the
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insert time point of an incoming request g, the algorithm tries to find the dominated
request set with lowest price (lines 2—4). If no dominated request set is found, it means
that g, should be rejected.

The time complexity of both RDSP4AMH Algorithm and Timeout Algorithm is
O(lt°n), where [ denotes the length of the execution sequence, #* denotes the length of
the execution time of the request (the number of time unites) and n denotes the number
of types of available resources. It implies that the execution time of both algorithms is
in a low order of magnitude and it would not cause high overhead to mobile hosts.

Algorithm 2. Timeout Algorithm

Input The request execution sequence £, available resources R of the mobile host,
service request go and insert time point InsertTime
Output  Updated request execution sequence

1 MiniDominated<«—q, M[n[Pricerriceqo
2 for 1= tewren to InsertTime
3 if Vtye(t, t+tg ), there is a request set S started from ¢ and dominated by go,

and the total price is lower than MiniPrice
MiniDominated<S, MiniPrice<—priceg
if there is a request or request set that is dominated by go

replace the requests in MiniDominated by g,

N N B

move the subsequent requests accordingly

4 Experiments

Experiments are implemented on a HM note 1LTE mobile phone with Android 4.4.4
operating system. We set that there are 5 kinds of dynamically changing resources.
Service requests are randomly generated satisfying that the price is from 1 to 5, execution
time is from 1 to 5. The number of incoming requests per time unit obeys normal distri-
bution N(10, 5) and greater than 0.

To evaluate the effectiveness of RDSPAMH, we compare RDSPAMH with two clas-
sical scheduling algorithm, First Come First Serve (FCFS) and Priority Scheduling (PS).
FCFS executes service requests according to their arriving time. PS perform request
scheduling by selecting the request with highest price to execute first. Both FCFS and
PS reject a request if there is not sufficient resources or time to execute it. We range the
mean of the number of incoming requests per second from 5 to 50. The experiment is
repeated 400 times and we adopt the average values. The result is shown in Fig. 1, from
which we can see that our RDSP4MH approach significantly outperforms FCFS and PS,
which demonstrates the high effectiveness of our approach. With the increasing of
request number, the result of RDSPAMH is improved. This is because, with the
increasing of request number, there are more requests for the algorithm to select.
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Fig. 1. Experimental result of effectiveness evaluation

To evaluate the efficiency of RDSP4MH, we range the response time of the request
to examine the impact of response time on efficiency. As analyzed in Sect. 3, the effi-
ciency can be significantly affected by the length of the execution sequence. The
response time can affect the execution sequence length. In this experiment, the response
time of the request obeys normal distribution N(#, 5) and ¢ is varied from 1 to 10. As
shown in Fig. 2, with the increasing of mean response time, the execution time of
RDSP4MH do not increase greatly, which is in accordance with the analysis in Sect. 3.
In addition, the execution time of RDSP4MH is in a very low order of magnitude, which
demonstrates the applicability of RDSP4MH to mobile service hosts.
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Fig. 2. Experimental result of efficiency evaluation

5 Conclusion

In this paper, we address the problem of revenue-driven service provision for mobile
hosts. A novel approach named RDSPAMH is proposed to perform service request
selection, request scheduling and resource allocation simultaneously, with the objective
to maximize the revenue of the hosts. To evaluate the performance of the approach, we
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have conducted a series of experiments, which verified the high effectiveness and effi-
ciency of RDSP4MH. In future, we will focus on RDSP4AMH, trying to improve its
performance.
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